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Lees IVANOWITCH MENDELEEFF was born 
in Tobolsk, Siberia, February 7, 1834. en o Sebi nt 
He earned his master’s degree at the Uni- in the World of Chemistry 


versity of St. Petersburg (now Leningrad) 
in 1856 and his Doctor of Science degree 
some five years later, at which time he was 
appointed Professor of Chemistry at the 
Technological Institute. In 1866 he became 
Professor at the University. He resigned in 
1890, and in 1893 was Director of the Bureau 
of Weights and Measures. 

Mendeléeff is recognized as the principal 
author of the Periodic Law. He contributed 
to our knowledge of the properties of liquids, 
theories of solution, the development of the 
gas laws and the nature and origin of petro- 
leum. He was one of the greatest teachers 
of his time. 

His immortal paper on ‘‘The Relation of 
the Properties to the Atomic Weights of the 
Elements’’ was presented to the Russian 
Chemical Society in 1869. His prediction 
of the existence and properties of unknown 
elements was vindicated completely. 


He died February 2, 1907. 
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The Biological Actions and Therapeutic Applications of 
the B-Chloroethyl Amines and Sulfides 


Alfred Gilman, Major, and Frederick S. Philips, 1st Lieutenant, SnC, AUS 


T THE CONCLUSION OF WORLD WAR I 
the theory was generally accepted that mus- 
tard gas exerted its vesicant action by re- 

basing hydrochloric acid intracellularly. A few iso- 

ed reports appeared describing remote systemic 

fects of mustard gas on hematopoietic tissues (1-3), 

he gastrointestinal tract (3-5), and _ electrolyte 

nd fluid balanee (3). Although in the interim be- 
een wars the adverse effects of mustard gas on 
eucopoietie tissues (6-8) and on the growth of ex- 
perimental tumors (9) received some attention, bio- 
ogical research on chemical warfare agents remained 
relatively quiescent. With the advent of World War 

II research on war gases was resumed, and the newer 

knowledge and technies of a quarter of a century of 

scientific progress utilized. New compounds were pro- 
posed as potential offensive agents. Mustard, bis(6- 

43) gecloroethy!) sulfide, shared interest with a series of 
nitrogenous analogues, bis- and_ tris(B-chloroethyl)- 
amines. It was appreciated early that the sulfur and 
nitrogen mustards were not only contact vesieants but, 
following absorption, could exert cytotoxie actions on 
a variety of tissues. Furthermore, cellular suscepti- 
bility to these compounds appeared to be related in a 
general way to the degree of proliferative activity. 

With the conviction that only with an understand- 
ing of the basic mechanisms of cellular action could 
significant advances be made in the treatment of 

/Vesicant war-gas casualties, the study of the actions 
of the sulfur and nitrogen mustards on fundamental 

‘cell processes was pursued. These studies have re- 
Vealed a type of action on cells which can be likened 
to that of no other chemical agent but which resembles 
in many ways that of X-rays. Cautious preliminary 
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Pharmacology Section, Medical Division, CWS, Edgewood Arsenal, Maryland 


trials have also been made of the possible value of 
the nitrogen mustards in the treatment of neoplasms, 
in particular those of lymphoid tissue. 

The fact that agents classified as “confidential” were 
involved in the above studies has heretofore precluded 
the possibility of presenting the results in the open 
literature. This report reviews briefly the contribu- 
tions which have focused attention on the cellular 
actions of the mustard compounds and gives a general 
description of their systemic effects as well as a pre- 
liminary statement of their possible clinical applica- 
tions. Because of space limitations important contri- 
butions of many investigators will have to go un- 
mentioned. 


CHEMICAL TRANSFORMATIONS AND REACTIONS OF THE 
NITROGEN AND SULFUR MUSTARDS 


The nitrogen and sulfur mustards owe their physio- 
logical activity to a basic chemical reaction which they 
share in common, namely, intramolecular cyclization 
in a polar solvent to form a cyclic onium eation with 
liberation of Cl-. The reaction may be depicted as 
follows, Z representing the sulfur or nitrogen atom: 


R-Z-CH,CH,Cl>R~Z-CH,CH, + Cl- 

The onium cation—ethylenimonium in the ease of 
the B-chloroethy] amines, ethylenesulfonium in the case 
of 6-chloroethy] sulfide—reacts readily with anions and 
various uncharged nucleophilic molecules. It is the 
great reactivity of the cyclic onium cation which im- 
parts to this group of vesicants their varied actions. 

The property of halogenated alkylamines to form 
cyclic onium cations was known before the war (10- 
12). With the introduetion of bis- and tris(B-chloro- 


This paper was prepared as a background for forthcoming articles on 
the clinical application of the f-chloroethyl amines with the approval 
of the following agencies: Medical Division, Chemical Warfare Service, 
United States Army; Division 9, NDRC, and Division 5, Committee on 
Medical Research, OSRD; Committee on Treatment of Gas Casualties, 
Division of Medical Sciences, NRC; and Chemical Warfare Represen- 
tative, British Commonwealth Scientific Office. 
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ethyl)amines as chemical warfare agents, the impor- 
tance of the formation of the reactive ethylenimonium 
ring was appreciated early. Moreover, the study of 
cyclization of 6-chloroethyl amines led to appreciation 
of the existence of the analogous sulfonium eations. 
The present knowledge of the chemistry of the mus- 
tards, with respect to both the kineties of cyclization 
and the reactions of the resultant onium compounds, 
has been the cooperative contribution of many groups 
of investigators (13-22) whose final publications in 
the open literature must be awaited. However, so im- 
portant are the basie chemical findings for an under- 
standing and explanation of the physiological actions 
of the nitrogen and sulfur mustards that a few perti- 
nent facts will be reviewed here. 





CH.CH,Cl 
4 c l 7 
CH,—N —— CH,—*N—CH,CH,+Cl 
CH,CH,Cl CH,CH,Cl 
+ H,O 
CH,CH,OH CH,CH.OH 
/ 
H+ + CH,—N —— CH,—'N +Cl- 


CH,CH,Cl 


é 
CH,CH, 


+H,O 


CH,CH,OH 
4 
H+ + CH,—N 


CH,CH,OH 
Fic. 1 


Two basie distinctions may be made between the 
chemical behavior of the nitrogen and sulfur mus- 
tards. In the ease of B-chloroethyl amines, cyclization 
cannot occur when a proton becomes coordinated with 
the nitrogen atom. Thus, solutions are stable in strong 
acid. Hydrogen-ion concentration does not affect the 
formation of the sulfonium ring. This distinction is 
of little importance at the pH of body fluids. See- 
ondly, the reactivity of the ethylenesulfonium ring of 
mustard is so great that it never accumulates in solu- 
tion in sufficient amount to permit its isolation. On 
the other hand, the various ethylenimonium compounds 
are, aS a group, less reactive, and several have been 
isolated. In the case of the majority of the nitrogen 
mustards, this distinction is of greater chemical than 
physiological significance in that the reactivity of the 
ethylenimonium e¢ation is ample to allow the com- 
pounds to produce toxie actions in general similar to 
those of sulfur mustard. For the most part, there- 


SCIENCE 





Vol. 103, No. oy. 






pri 5 ’ 














fore, the nitrogen and sulfur mustards can he 
cussed together with respect to the basic relations| 
tween chemical structure and physiological actions 






The nit 
system 
rt these 
n of act 
tion of t 
tinction 
bat chang 
pecificity 
Cytotox 
he nitrog' 


As a prototype of the 6-chloroethyl Vesicants the} 
havior of methyl-bis (B-chloroethyl) amine may be a 
sidered. In dilute aqueous alkaline solution th, sort 
of reactions shown in Fig. 1 oceurs. 
involving polymerization may occur. 










Side reactig 







The majority of the nitrogen mustards are bis( 
chloroethyl) amines, the third valenee of the nitrogg 
being occupied by one of a variety of alkyl rout 
Inasmuch as the rate of cyclization and the activit 









of the ethylenimonium cation are influenced by sully a mann! 
stituent groups on the molecule, a large number ¢ ossible T 
nitrogen mustards of different physicochemica| ards On 
pharmacological properties is available. Thus, th@lilbnd the ¢ 
scope of future investigations on the relations hallmbyclei wil 
tween chemical constitution and pharmacological x nt discus 
tion of the nitrogen mustards is wide. is tissu 

In pure aqueous solutions at physiological hydriqjmion, it ! 
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concentrations the ethylenimonium or sulfonium eatioy 
reacts with H,O. However, if other substances ang 
present, they can react competitively. So reactive ay 
some compounds that in their presence the reactioy 
with water is negligible. Literally hundreds of con. 
pounds have been studied in this manner. The ob. 
jective in many of these studies was the discovery of 
an effective antidote for the local and systemic action 
of the mustards. More pertinent to the present dis 
cussion is the ability of ethylenesulfonium or imoniun 
compounds to alkylate the functional groups of com- 
pounds of biological importance. Among these may 
be mentioned the a-amino, imidazole, sulfhydryl, sil: 
fide, phenolic, ¢-amino, and imino groups of amino 
acids and peptides; inorganic phosphate as well a 
glycerophosphate and hexose phosphates; the amino 
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groups of adenosine and thiamine; and the pyridino-N The 
of nicotinie acid amide and pyridoxine. The carboxy! traet | 
and amino groups of numerous proteins which have evider 
been found reactive with sulfur mustard appear vu- reflex 
nerable to alkylation, although other functional groups possi 
are also involved. These proteins include hemoglobi, Diart 
insulin, gelatin, erystalline egg albumin, tobacco mosalt prog 
virus, ovalbumin, silk fibroin, and protamine as well 4 leees 
various purified or erystalline enzymes to be considered J “ud 
below. mar} 

The implication that the systemic toxie action of the “— 
mustards is due to the reaction with any single cow: ry 
pound listed above is not intended. However, the dec 
likelihood that the basie mechanism of the cytotoxic Ti pn 
aetion of the mustards involves a similar reaction wit) re 
a vital cellular constituent, possibly as yet unknown, as 
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¢ PHARMACOLOGY AND PATHOLOGY OF THE 


SysTEMI 
MUSTARDS 


the nitrogen and sulfur mustards elicit a variety 
systemic pharmacological actions. For the most 
it these are prominent only after the administra- 
, of acutely lethal doses. Although the pattern of 
jon of the compounds as a group is similar, certain 
itinctions are evident. Thus, the possibility exists 
at changes in chemical constitution can effect a 
ecificity of action. 

Cytotoxic action. The outstanding systemic action of 
e nitrogen and sulfur mustards is that which causes, 
», manner still unexplained, the death of cells. The 
ossible relationship between the action of the mus- 
sds on enzyme systems and their cytotoxic effects 
S, tMllgnd the details of their more specific action on cell 
18 hell yclei will be presented below. Pertinent to the pres- 
nt discussion is the relative susceptibility of the vari- 
nis tissues to this eytotoxie action. As a generaliza- 
driofi/ion, it may be stated that cellular susceptibility is 
atiogtimmelated to proliferative activity. Thus the formed ele- 
vents of the blood and the mucosa of the gastro- 
e avmmntestinal traet first reflect the cytotoxic action of the 
ctiogfmmustards. The vulnerability of the blood-forming 
com-mmorgans and the intestinal tract was realized as a result 
ob.mmof investigations conducted during World War I, 
y offmme( 1-5) and current studies on the nitrogen and sulfur 
ionsfm—nustards have contributed a wealth of new knowl- 
dis Medge. Briefly, the action of the mustards on the 
un (Me blood-forming organs as reflected in the peripheral 
i fe blood of both experimental animals and humans re- 
ay M@mesults in a lymphopenia, granulocytopenia, thrombo- 
ul- @cytopenia, and moderate anemia (23-34). The sever- 
ud fm ity of the response is in direct relationship to the dose 
as administered. Marked effects on hematopoiesis can be 
10 obtained with sublethal doses. 


N The effects of the mustards on the gastrointestinal 
| Me tract are equally marked. Nausea and vomiting are 
¢ M™ evident within a few hours (26, 35). This may be a 


reflex response from the gastrointestinal mucosa or 

‘ @ possibly the result of direct medullary stimulation. 
Diarrhea becomes evident within 24 hours and becomes 
progressively more severe. Both the vomitus and 
feces may contain blood. As a result of the loss of 
fluid and eleetrolyte from the gastrointestinal tract, 
marked changes in body water occur (26, 35, 36). 

' Furthermore, there is evidence that the action of lethal 
doses of nitrogen mustards on the kidney may result 
'in a polyuria and a renal wastage of extracellular 
| clectrolyte (37). A loss of intracellular potassium 
| and water may also oceur (37). Eventually, cireula- 
tory collapse ensues, a typical shock picture is ob- 


served, and the animals die of respiratory failure 
B (26, 35), 
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Acute pharmacological actions. The acute pharma- 
ecological actions of the mustards are seen only after 
the administration of supralethal doses. Prominent 
among these are central nervous system excitation 
resulting in convulsions and acute death (26, 28), 
parasympathomimetie effects as evidenced by saliva- 
tion, miosis, ete., followed by a parasympatholytic 
action (26, 28, 38). With subconvulsive doses of 
nitrogen mustard a progressive muscular paralysis, 
eventually resulting in death from paralysis of mus- 
cles of respiration, is a characteristic finding (26, 28). 


Relationship between chemical constitution and 
pharmacodynamic action. A fact which has been 
pointed out by several investigators is that only those 
6-chloroethyl compounds which can form a eyelic 
onium cation are capable of exerting the typical 
actions deseribed above. Moreover, the toxicity of the 
members of this series appears to be related to the 
chemical characteristics of the onium cation. Thus, 
the toxicity and leucotoxie activity of the nitrogen 
mustards and sulfur mustard have been correlated 
with both the reactivity of the onium eation (26, 28) 
and the rate of cyclization of the parent 6-chloroethyl 
compound (76). 

Pathology of systemic mustard poisoning. As 
might be expected from the above actions of the 
mustards, the outstanding pathological lesions pro- 
duced by either nitrogen or sulfur mustards are found 
in the intestinal tract, bone marrow and lymphatic 
tissue (23, 26, 27, 34). The intestinal lesion pro- 
gresses from vacuolization and nuclear swelling of the 
epithelial cells to eventual necrosis and desquamation 
with hemorrhage. Lymphoid tissue throughout the 
body is uniformly involved. Lymphatic fragmenta- 
tion may be evident within 10 hours, leading to a 
persistent lymphatie atrophy for a number of days. 
In the bone marrow early changes include swelling 
and alteration in the staining reaction of hemato- 
poietic cells and a disappearance of mitotie activity. 
Progressive depletion of the marrow follows, and 
eventually, almost complete aplasia results. 


In Vitro AND in Vivo INACTIVATION OF ENZYMES 
BY THE MUSTARDS 


The fact that the administration of the nitrogen 
and sulfur mustards to experimental animals results 
in widespread systemic intoxication naturally led to 
the concept that the agents inhibit certain basie meta- 
bolic functions which are vital to the maintenance 
of normal cellular activities. It was reasonable to 
expect, therefore, that a variety of cells and tissues 
poisoned by the mustards either in vivo or in vitro 
would evidence significant metabolic changes. It has, in 
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fact, been found that the oxygen consumption and 
glycolysis of a large number of cells and tissues are 
inhibited to varying degrees following exposure to 
the agents im vitro and in some instances in vivo. 

One of the earliest observations which antedated 
the recent war showed that the addition in vitro of 
sulfur mustard to minced tumor tissue resulted in 
moderate reduction of oxygen consumption and 
marked depression of the aerobie and anaerobic gly- 
colysis of glucose (39). The anaerobic glycolysis of 
minced brain and chick embryo tissue was similarly 
reduced. Similar effects were reported by English 
investigators to occur in mammalian skin following 
the application of vesicant doses of sulfur mustard 
(40, 41). It was also determined in early English 
work that the oxidation of pyruvate by brain brei was 
significantly inhibited by sulfur mustard (42). Later 
work confirmed the effects of this mustard on the 
oxidative and glycolytic activities of intact mam- 
malian skin (43). Furthermore, the inhibition of the 
respiration of avian erythrocytes in vitro (13), of 
the respiration and anaerobic fermentation of yeast 
eells (17, 44) and of the respiration and glycolysis 
of isolated mammalian cornea (45) was also demon- 
strated. Following parenteral administration of lethal 
doses of sulfur mustard significant inhibitions of 
anaerobic glycolysis and respiration have been noted 
in bone marrow (41) spleen (41, 43), and thymus 
(43), as well as inhibition of glycogen synthesis in 
the liver and intestinal absorption of glucose (43). 

‘Certain of the nitrogen mustards have also been 
shown to inhibit to varying degrees the respiration 
of isolated slices of such tissues as lymph node, bone 
marrow, spleen, brain, liver, and kidney (43, 46). 
Moreover, the utilization of pyruvate by kidney slices 
and the synthesis of urea by liver slices were found 
sensitive to nitrogen mustard in vitro as well as in 
animals which had been gassed with lethal doses (43). 

The fact that diverse cells and tissues which had 
been subjected to the toxic effects of sulfur and nitro- 
gen mustards evidenced marked metabolic defects has 
fostered the theory that the primary mechanism of 
action of the vesicants was the inactivation of essen- 
tial cellular enzymes (47, 48). This view has been 
supported by extensive investigations with skin and 
other tissues, and in addition it has been postulated 
that primary inactivation occurs only in a special 
class of essential cellular enzymes, the phosphokinases, 
which are concerned with phosphate transfer to or 
from adenylie compounds (47). 

The “enzyme-inactivation” theory of the mecha- 
nism of toxic action of the mustards served as the 
impetus for extensive investigations of the in vitro 
sensitivity of a large number of enzyme systems. 
Briefly, the enzymes or enzymatic systems studied 
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included proteins containing iron, copper, and ;; 
and flavin prosthetic groups; dehydrogenases; hydy 
lytie enzymes such as fumarase, urease, and iny 
tase; catalysts involved in the metabolism of glue 
and in reactions concerned with phosphate transf. 
intracellular and extracellular proteolytic enzyme 
various oxidases such as those of pyruvic acid, a. 
bic acid, histamine, and choline; acetylcholine esterag 
ribonuclease, hyaluronidase, and carboxylase (13, 1 
17, 41-43, 49). The majority of the enzymes proyg 
only moderately sensitive or resistant to inactiyati, 
by the mustards. Among the highly sensitive enzyma 
were hexokinase, creatine and pyruvate phosphokinasg 
inorganic pyrophosphatase, adenylic acid deaminagg 
chick pepsin, kidney pepsinase, and peptidases , 
serum and skin and lung. In addition, choline oxidasa 
and acetylcholine esterase isolated from brain, wey 
readily inactivated by the nitrogen mustards. 

On the basis of the results obtained from studies of 
in vitro inactivation it is generally conceded that the 
phosphokinases as a group are highly susceptible 
the mustards but share this sensitivity with other 
types of enzymes. In view of this finding, some doubt 
has been expressed concerning the possibility that 
the inactivation of phosphokinases in vivo represent 
the primary and specific mechanism of toxie action 
of the mustards, especially since no obvious correla- 
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tion has been found between susceptibility of enzyme qmminimal 
systems in vitro and in vivo (49). mals ca 

At present it is not possible to present a final fMperiod ‘ 
statement concerning the merits of the “enzyme-in. J omitan 
activation” theory of mustard intoxication. That Mover, f 
some enzymes possess a high order of sensitivity to MMtration 
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the agents in vitro cannot be questioned. Whether 
the inactivation of the same enzymes im vivo repre- 
sents a primary step in the course of events leading 


to cell pathology is, however, open to serious question, JB tion ¢ 
The consensus of opinion of many investigators is the in 
that the specific chemical lesion responsible for the JBof re: 
changes that eventually lead to cell death has not JB bas b 
yet been defined by studies on the inactivation of J trave 
enzymes. The difficulties attending the clarification ™ ‘gar 
of the characteristics of such a lesion are apparent # Dol € 
in cytological studies of mammalian cornea (45) and proli 


yeast (44), where concentrations of the mustards Th 


below those which affect either respiration or glycdl- to tl 
ysis have been found to produce fundamental changes J nucl 
in mitotie activity. arre 
the 

NUCLEOTOXIC ACTION OF THE MUSTARDS , Eat ¢ 
Although diverse systemic effects can be elicited 1 J the 
the mammalian organism by the administration 0! bee 
toxic amounts of the mustards, threshold doses evoke evi 
pathological changes only in cells and tissues which me 


normally exhibit relatively high rates of proliferation 


















No, 2gffril 5, 1946 


Considerable attention has been focused 


and 7Mmma crowth. uh 
S; hyd the morphological changes exhibited by such cells 
Dd inygm response to the mustards in the hope that such 
£ gluegihjies might provide a better understanding of the 
transfolmmcje cellular disturbances involved. As a result it 
CNZy mals been Shown that the mitotie activity of a variety 
d, ascofimm cells from representative unicellular, invertebrate, 
Csterggfmphibian, mammalian, and higher plant organisms 
(23, 4 peculiarly sensitive to inhibition by minimally 
; provditctive doses. For example, mild exposure of yeast 
tivatigimmltures to sulfur mustard can produce an immediate 
Nzymdmduction in growth rate which,may be sustained at 
dkinasdlmmduced levels by several succeeding generations of 
Minasdmughter cells before recovery is apparent (50, 51). 
ses ollmbmilarly, the early cleavage of the sea urchin egg 
Xidasalh inhibited or retarded by brief immersion of either 
, Werdlihe unfertilized egg or the early zygote in minimally 
Foctive concentrations of the mustards (52). The 
lies of kposure of young salamander larvae elicits an im- 
at thalllmediate cessation of growth which can be attributed 
ble tollMo an inhibition of mitotie activity in the proliferat- 
Othermme regions of all the tissues of the embryo (53). 
loubtfiM hose cells in which mitotie activity has been com- 


thati™/leted at the time of exposure continue functional 
entsfmmifferentiation in a normal manner. Following direct 
tion MM pplication of threshold amounts of the mustards to 
rela-fMhe intact eye or after parenteral administration of 
yume f™minimal lethal doses, the corneal epithelium of mam- 
mals can be largely depleted of mitotic figures for a 
inal MMperiod of several days without visible evidence of con- 
‘in. J omitant eytoplasmie or nuclear damage (54). More- 
hat Mover, for several days after the parenteral adminis- 
to Mtration of doses sufficient to cause lymphopenia and 
ler Mgranulocytopenia in rats, mitotie activity is decreased 
‘- Hin lymphoid, myeloid, and erythroid cells of hemato- 
ig MP poietic tissues which have escaped the initial destruc- 
u. @tion caused by the agents (27, 34, 54) as well as in 
is MP the intestinal mucosa (54). Finally, the mitotic rate 
e Bof regenerating cells following partial hepatectomy 
t has been found to be significantly lowered by the in- 
[ @ travenous injection of sulfur mustard (55). In this 
| @ regard it is important to note that similar doses do 
not evoke visible pathological changes in normal, non- 
proliferative hepatie tissue. 
The inhibition of mitosis caused by mild exposure 
to the mustards does not in itself imply a primary 
| hucleotoxie aetion of the agents; in fact, the mitotic 
; arrest appears to be confined to the resting phase of 
} the mitotie eyele (52, 54). Cells in active mitosis 
) at the time of exposure complete their division with 
the result that ultimately the inhibited tissue may 
| become depleted of mitotic figures (54). However, 
evidence of a more direct toxie action on nuclear 
| mechanisms is the appearance of extensive nuclear 
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fragmentation in cells of the corneal epithelium which 
have been exposed to doses somewhat higher than 
those which effect only a mitotic inhibition (54). The 
nuclear fragmentation and resultant chaotic chromatin 
dispersal can be considered as a pathological and 
incomplete mitosis (56). More convincing of the 
association of mitotic arrest with primary nuclear 
damage are studies on the inhibition of mitosis of 
pollen grains following exposure of Tradescantia in- 
florescences to minimal concentrations of sulfur mus- 
tard (57). The fate of the treated cells was shown 
to vary with the extent to which chromosomal abnor- 
malities were elicited. Thus, severe exposure in asso- 
ciation with complete mitotic arrest caused multiple 
chromosome breaks resulting in fragmentation, pyeno- 
sis, and ultimate death of the cell. Mild exposure 
which prolonged the resting peried of the pollen 
grains caused chromosomal breaks in many of these 
cells. If these were not too numerous or followed by 
translocation, they were transmitted to daughter 
cells in the subsequent mitosis as heritable chromosome 
abnormalities. 


Perhaps the most significant demonstartion of 
specific nucleotoxie action has been obtained from 
observations on the profound disturbances produced 
by the mustards on the structure and function of 
chromosomes in Drosophila melanogaster (58). Ex- 
posure of both male and female adults to sublethal 
doses was found to reduce or suppress fertility 
through disturbances of miosis and mitosis in the 
gametogenesis of both sexes. However, following 
exposure of adult males to lower doses which did 
not reduce fertility unduly, the genetic analysis of 
the X-chromosomes revealed a high incidence of sex- 
linked lethals greatly in excess of the natural rate 
of mutation as well as a significant number of trans- 
locations and inversions. No other elass of .chemical 
agents has been shown to have such specificity of 
action on chromosomal mechanisms. Indeed in the 
past similar effects have been attained to the same 
degree only by the use of short-wave radiation (X-ray 
and ultraviolet). 


That the mustards can exhibit a primary nucleo- 
toxie action is attested by the above demonstration 
that in threshold doses they act directly on the in- 
timate structure of chromosomes, without apparent 
influence on other cellular entities, to produce an in- 
heritable chromosomal abnormality which can be 
reproduced indefinitely by normal processes of cell 
division and thereby transmitted from ovum to ovum 
through several successive adult generations. The 
precise mechanism whereby changes in the chromo- 
some are effected, whether by direct chemical reac- 
tion with its component compounds or as the result 
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of structural instabilities induced by inactivation of 
intimately associated nuclear enzymes, is a subject of 
future investigation. Of possible importance in this 
regard are observations on the inactivation of the 
infectivity of the nucleoprotein tobacco mosaic (20, 
59) and bushy stunt (59) viruses. Although reaction 
of the viruses with the mustards resulted in extensive 
inactivation, moderate exposure which did not appre- 
ciably reduce infectivity was not accompanied by 
significant inereases in mutation. It has been shown 
that under the latter conditions the virus molecule 
sustained multiple reactions with mustard groups. 

On the basis of the marked susceptibility of nuclear 
mechanisms it is provocative to associate the cyto- 
toxic action of the mustards with primary disturb- 
ances of nuclear function. Even the necrotization of 
hematopoietic and intestinal cells of mammals follow- 
ing fatal intoxication might conceivably be considered 
the eventual outcome of a primary nuclear derange- 
ment. However, it must be pointed out that abnor- 
malities which cannot be readily interpreted as aris- 
ing from a primary nuclear intoxication have been 
reported to result from exposure of cells to the mus- 
tards. Thus, the response of avian erythrocytes or 
their nucleated ghosts to the swelling action of ap- 
plied detergents was demonstrated to be highly sus- 
ceptible to inhibition by prior immersion in dilute 
solutions of the mustards (60). The inhibition of 
swelling has been interpreted to result from a pri- 
mary change in the properties of the cytoplasmic 
stroma. Similar observations obtained with suspen- 
sions of rabbit bone marrow and lung eells (60) 
indicate that the effect is not limited to the avian 
erythrocyte. Although the significance of this cyto- 
plasmic change is not clear, it does represent one of 
the most sensitive cellular reactions so far demon- 
strated to result from exposure to the mustards. 
Similarly, the application of dilute solutions of sulfur 
mustard to Nitella flexilis caused a marked loss of 
turgor associated with a loss of the normal semiper- 
meability of the surface films to electrolyte (61). 
Finally, cytoplasmie changes have been noted in re- 
sponse to minimally effective doses of the mustards 
under circumstances which have not permitted an 
exact analysis of the sequences of morphological 
events. Thus, concentrations which inhibit the growth 
of cultures of choroid and sclerotic chick tissue cause 
a simultaneous swelling of cytoplasmic fat globules 
(62). Similarly, in cultures of embryonic membrane 
bone the first signs of injury are evident in the mito- 
chondria, which undergo marked structural changes 
(63). It may also be mentioned that ameboid move- 
ment of leucocytes and metamyelocytes in suspensions 
of rabbit bone marrow is readily inhibited in the pres- 
ence of nitrogen mustard (46). 
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CLINICAL APPLICATIONS 


The marked effects of the mustards oy Lymph 
tissue, coupled with the finding that actively prolif 
ating cells are selectively vulnerable to the eytoty 
action of the mustards, suggested the therapeutie 
of these compounds in the treatment of Neoplagy 
of lymphoid tissue. Because of its undesirable phy; 
eal properties and extreme chemical reactivity, sulf 
mustard does not lend itself to parenteral adminiy 
tion. However, nitrogen mustards in the fory , 
their hydrochloride salts are water-soluble, crystgljj 
compounds, which can be readily dissolved in ste; 
saline for intravenous administration. Experimey 
on transplanted lymphosarcoma in mice revealed {h; 
dissolution of such tumors could be rapidly effect, 
although the dose required bordered on the toxic, a 
the tumor invariably returned (64). The first clinig 
trial of the nitrogen mustards (65) was conducted 9 
a group of six patients in the terminal stages 9 
various neoplastic diseases. In two eases of lympho 
sarcoma in which X-ray therapy had been diseoy 
tinued, a rapid dissolution of large tumor masg 
followed a course of injections. The results wey 
sufficiently encouraging to warrant further clinic 
experimentation. To date approximately 150 patient 
have been treated by several groups of investigatox 
(66-68). For the most part observations have bea 
limited to selected cases of Hodgkin’s disease, lymph. ™ 
sarcoma, and leukemia. The findings may be sunjme™S 
marized in general terms. The most favorable effedsjam¢® 
have been obtained in patients with Hodgkin’s dis 
ease. Remissions characteristic of those which fol: 
low careful X-ray therapy have been observed. Symp- 
toms were quickly alleviated, and physical evidence 
of lymphadenopathy, splenomegaly, and hepatomegaly 
regressed. It was necessary to repeat treatment at : 
intervals varying from one to eight months. Les im’ P° 
favorable results have been obtained in cases of hh 
lymphosarcoma. The response in acute and chrouie ally 
lymphogenous and myelogenous leukemias has beet 
disappointing. 
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The action of the available nitrogen mustards 00 
lymphoid tissue has not yet reached that degree o 
specificity which precludes undesiraple actions on the 
hematopoietic system. At present, dosage is limited 
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by the occurrence of moderate granulocytopenl, @. 
thrombocytopenia, and anemia. However, if care’ @,.. 


taken with dosage, an adequate clinical response may 
be obtained without affecting to a serious degree the 
formed elements of the blood. In addition, nausea and 
vomiting are very likely to occur for a brief peri 
after each injection. No other undesirable eilecs 
on the gastrointestinal tract have been observed. 


Comments.. Although some patients receiving 
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oy) mustards have been observed for a period of 
nonths, the evaluation of the clinical status of 


Lymph mroup of compounds will require many more 
Y prolif bof careful study. At present there is no basis 
CYtotogl .cuming that the therapeutie efficacy of the 
Peutie 


rogell mustards is any greater than that of X-ray. 
Mt is possible that the potential value of the nitro- 
,mustards in the treatment of neoplastic diseases 
| be fully realized only when the opportunity to 
plore the relationship between chemical constitu- 
mn and pharmacodynamic action has been exhausted. 
present only two of the nitrogen mustards have 
» investigated clinically, namely, tris(f-chloro- 
pyljamine and methyl-bis( 6-chloroethyl) amine. 
ese have been the product of a screening program 
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Bue WAR'S DESTRUCTION FAR EXCEEDS 
that of any catastrophe yet known. The war 
ended with the application of a new weapon 
hat is a thousand times more frightful than the 
eapons which produced most of the war’s fright- 
e hoonmulness. And already we have responsible statements 
mphofggeom scientists who effected this development that 
- sup.qgpombs a thousand times more powerful than those 
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offoctmiready used are capable of being made in the near 
3 disqgmuture. There are men living who know how to make 
1 fo. [mm single bomb whose destruetiveness is equal to a 
ymp-qaeillion ten-ton blockbusters. One such bomb, dropped 
dene Washington or any other major city, may be ex- 
egaly gupected to wipe out its population, to destroy its build- 


it at gs utterly, and to render the site uninhabitable due 
Less tO POlsoning by radioactive materials. 

; of Me in the face of this situation, people react essen- 
onie ally in one of two ways. One group says: “It’s 
eon NUSt another weapon. Mankind learned to adapt to 
the long bow, and the eross bow, and the B-29. We 
ave always had wars.” An extreme expression of 
his kind is found in a speech delivered in Philadel- 
the phia last Deeember by Prof. Leslie A. White, of the 
tej MEe2thropology Department of the University of Michi- 
gan, who said: “As for the extermination of the human 
i; Me cce as a consequence of hurling atomic thunderbolts, 
a this too may be admitted as a possibility, and all we 
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designed for the evaluation of toxic chemical warfare 
agents rather than of compounds of therapeutic in- 
terest. Literally hundreds of congeners remain to be 
synthesized and evaluated. Thus, a series of com- 
pounds which can reproduce in many ways the cel- 
lular effects of X-rays is available for chemical and 
biological investigation. It may be hoped that the 
previous successes which have characterized the evo- 
lution of chemotherapeutic agents by chemical altera- 
tion of a parent compound may be duplicated in the 
ease of the B-chloroethyl amines. The result would 
be a compound having a sufficiently specific toxic 
action for certain types of proliferative cells to pos- 
sess therapeutic value. 
(See p. 436 for list of references.) 


Science and Our Future 


E. U. Condon, Director 
National Bureau of Standards, Washington, D. C. 


can say is that if it is to come, it will come.” This 
is indeed a rather coldly hopeless, fatalistie expres- 
sion. Prof. White further says: “Extravagant ex- 
pressions of horror will not alter the course of events.” 

There is a certain rhetorical trick here in that, in 
our language, “extravagant” connotes exaggeratedly 
inaccurate, and thus emotionally detracts from the’ 
serious warnings which responsible physicists are 
trying to give us. I would agree that expressions 
of horror alone will not alter the course of events. 
But I insist that if we look at what civilization has 
suffered in World War II, even before the atom 
bomb, and couple it with the picture of a war with 
plentiful use of the old-fashioned “one-hoss shay” 
atom bombs, and further with the picture of a war 
with both sides equipped with the really potent 1950 
models—then no expression of horror of which our 
hearts are capable can be exaggerated or extravagant. 
We need not, and should not, fatalistically await 
death, reading papers to an academic society meeting 
in a museum in Philadelphia. 

The second kind of people react differently. We 
say: “This is the end.” Mankind has brought down 
suffering and death on its head, spiritual values have 
been destroyed, hatreds have been nourished and de- 
veloped into great social cancers by war, war fears, 
and war suspicions and divisions among men. 


From an address delivered 5 March 1946 in Washington, D. C., at the 


if 336). 


conclusion of the Fifth Annual Science Talent Search (Science, 1946, 103, 
The guests for the evening were the 40 winners from the Science 


Se Clubs of America who received the Westinghouse Scholarships and sci- 


entists from the Washington area. 


The event was arranged by Science 


. = Service, whose director, Watson Davis, served as toastmaster. 
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This has been going on since the beginning of time 
and will surely destroy us all if we let it continue. 
This second kind of people say simply that this must 
stop. We say there is such a thing as progress toward 
a higher level of development. With all the stumbling 
and fumbling, we see an upward trend throughout 
human history. We read the lesson of history to be 
that men can go forward together, and that men can 
progress to new freedoms and new areas of social 
adjustment. 

We see that man’s growing mastery over the forces 
of nature also serves to amplify the magnitude of the 
social crises which confront him. Centuries ago, wars 
were local affairs; however terrible, they affected only 
relatively small sectors of civilization. But the last 
two major wars were world wars in a true sense. 
Their damage literally affected everyone. We face 
a situation in which a future world war, employing 
atom bombs, rockets guided by radio, and many other 
marvels of man’s perverted ingenuity, will achieve a 
destructiveness thousands of times greater than ever 
achieved before. The magnitude of the crisis is such 
that we must soberly think of the choice as being 
between drifting into a war which will lead to the 
destruction of civilization, leaving a remnant of 
stunned, confused, poverty-stricken, frightened men 
and women amid the ruins, or a wholesome healthy 
development of a united mankind, using its intelli- 
gence cooperatively for the good of all. 

I beg of you, cast in your lot with the persons of 
the second kind—those who believe there is a possi- 
bility that men throughout the world can live in free- 
dom and justice, in love and good will, that they can 
devote their full energies to constructive application 
of the rational thinking to eall science to the arts of 
peace. In asking you to join with us, I make no 
promise of certain security. I only promise hope and 
tell you that the other way leads to certain doom. If 
we try to establish the brotherhood of man on earth, 
we may fail, but if we do not even try, we shall surely 
fail—and what an unbearable load of guilt our con- 
sciences will then have to carry! 

So much for the generalities of the situation in 
which we find ourselves. Now I would like to com- 
ment a little more specifically on the immediate 
choices which lie before us. 

We must assert ourselves in every kind of agency 
of world cooperation toward positive, wholesome 
working-together for human welfare. This means the 
fullest kind of active support to the efforts of peoples 
everywhere to go forward, in political and economic 
freedom, to the highest level of educational, scientific, 
and cultural achievement. This means, specifically, 
support to UNO, UNRRA, UNESCO, and whatever 
other such activities lie ahead. 
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We must particularly seek to bring aboy dle 
working relationships with our friends and allies 
Russians. Russia and the United States are today 
most powerful nations in the world. Unless a 
get along together, there is no hope for peace. 
must seek to recapture something of the feelin ng 
joy and pride we had in being on their Side, 
Stalingrad and during their long, arduous 


proces 
ther WO 
ome 9 
, discus 
ieismn W 
ants 00 
tific T 















drive HM yan actl 
push the Nazi war machine out of their devastaf , other: 
lands. We must welcome their scientists to oyy lal gf cours 
ratories, as they have welcomed ours to theirs, afm yt now 
extend the base of scientific cooperation with this gre A in wi 
people. Of course, we must behave this way toy, jer mili 


the scientists of all nations—I only mention Ry 
because she is right now the target of attack by tha 
irresponsibles who think she would be a suitable ; 
versary in the next world war. 

We must regain for all scientists that freedom frq 
military domination which is so necessary if s¢iey 
is to be used for peaceful ends. With Nazism y 
wholly exterminated, we must have scientists contyj 
uting to the development of our tools of war, sin 
we may, if all else fails, have to use them. But ti 
scientific life of the country must not be subor 
nated to, or derive its chief support from, the mil 
tary. 

This is essential in the interests of the milita 
themselves. Because the scientific spirit is so com 
pletely opposite to the military spirit, science simp 
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will not go forward under domination. Nowadays mei {y thi 
must work together in large organizations. It is charlerse o! 
acteristic of the military organization that operationgioaq: “ 
are planned and directed from the top, with the define sin 
tails executed by men below, by persons who unques#i% Som 
tioningly and obediently respond to the orders givelours e 
them from above. The flow of original thinking .ornir 


from the top to the bottom. I conceive just the oppo-H ahora 
site to be true in a properly administered scicutiithey y 
organization. The function of a scientific director is 
to set up working conditions where the lowliest nov: 
tiate is put in touch with all the problems in his feld 
and encouraged to worry about them and to come oll 
creatively with new ideas and results. He is the sole 
judge of what knowledge he needs in order to work 
effectively on his problem. The flow of original thik 
ing in this case is mainly from the bottom to the top 
Every worker must have access to the whole story 
because no one ean foresee which scientist will have 
the truly creative idea. And each scientist must be 
free to discuss his ideas, while in the formative stale, 
with his colleagues anywhere, for it is from the work: 
ing together of many minds that new science comes 

In contrasting the military and scientific, I do not 
wish to imply that one is wholly wrong and the other 
wholly right. Just as I do not recommend the mili- 
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procedure for the conduct of scientific research, 
sher would I want our safety to depend on the 
some of a battle in which the scientific method of 
, discussion, independent thinking, and mutual 
iis WAS followed by all the captains and lieu- 
ants on the battlefield. Military operations and 
mitifie research are two quite different kinds of 


man activity, and neither should be subordinated to 


> other. 
Qf course, my reason for stressing this point is that 


it now we are confronted in America with a situa- 
1 in Which scientists are being held very strictly 
er military domination, to the severe detriment 
our scientific development and the development of 
jolesome international relations. 

What is going on? Prominent scientists are denied 
e privilege of traveling abroad. Physicists are not 
owed to discuss certain areas of their science with 
Scleng@&ch other, even as between individuals working on 
psely related phases of the same subject. They can 
pumunicate only through official channels involving 
usorship of their communications by army officers 
ithout knowledge and so without competence. In- 
prmation essential to understanding is being denied 
» students in our universities, so that, if this situa- 
jon were to continue, the young students we honor 
ere tonight will get from their professors only a 
atered-down army-approved version of the laws 
yf nature. 

In this connection one is reminded of the eighteenth 
erse of the eighth chapter of Ecclesiastes, where we 
ead: “Wisdom is better than weapons of war; but 
bne sinner destroyeth much good.” 

Some seem to think that the laws of nature are 
burs exclusively, and that we can keep others from 
learning by locking up what we have learned in the 
laboratory and not telling it to our allies. Later 
they will learn what we know—and more which, be- 






















Scanning Science— 


ut Nature states that the Toronto Local Committee are 


- assiduously engaged in preliminary work for the meet- 
ing of the British Association for the Advancement of 
3 Science in 1897. Meetings of the executive committee 


) are held every fortnight. 


and telephone facilities. 
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Besides the executive com- 
) mittee, a number of sub-committees are at work, in- 
cluding those on finance, conveyances, publication and 
printing, rooms for offices, meetings of the association 
and committees, hotels and lodgings, press, hospitality, 
reception and for securing cooperation of other insti- 
tutes, associations and corporations, postal, telegraph 
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cause of our unfriendly behavior, we cannot expect 
them to tell us. In the course of time, because of 
such provocations, we are allies no more—we start 
as friends and end as snarling, suspicious neighbors. 


It is sinister, indeed, how one evil step leads to 
another. Having created an air of suspicion and 
mistrust, there will be persons among us who think 
other nations can know nothing except what is learned 
by espionage. So, when other countries make atom 
bombs, perhaps much better than those we have, these 
persons will cry “Treason!” at our scientists, for they 
will find it inconceivable that another country could 
make a bomb in any other way except by aid from 
Americans. 


Let us cast this isolationist, chauvinist poison from 
our minds before we corrode our hearts and arouse 
suspicions of our motives in the minds of the decent 
peoples of the world. Let us cooperate wholeheart- 
edly with the other nations of the world to agree to 
use atomie energy only for peaceful purposes and to 
set up an inspection system to enforce such agreement. 
The United Nations Assembly has voted unanimously 
to establish an Atomic Energy Commission to draw 
up such a plan. In the face of the frightfulness of 
atomic warfare, it is inconceivable to me that any 
nation will refuse to participate in a program of 
international cooperation and inspection. Yet, much 
public discussion, and even more private conversa- 
tion, is based upon the assumption of such a refusal. 
We must push forward with all possible speed in 
order to find out where we stand in the world today 
so that it is no longer possible for different groups 
and different nations to base their thinking and their 
planning upon different hypotheses. I am confident 
that if we do this, the outcome will be world friend- 
ship and cooperation and not atomic war and the 
destruction of civilization. 


—27 March 1896 
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George Dunlap McLaughlin 
1887-1945 


George D. McLaughlin, director of the B. D. Eisen- 
drath Memorial Laboratory, Racine, Wisconsin, and a 
leading scientist in the field of leather chemistry, died 
suddenly on 15 October 1945. His death at the age 
of 58 ended an unusual career. 

He was born at the little town of Retort, Center 
County, Pennsylvania, in 1887. After finishing high 
school at Buena Vista, Virginia, young McLaughlin, 
who, as a boy, had been fascinated by the work of a 
chemist in a near-by plant, served first as chemist’s 
helper and later, at 19, despite a slender academic 
background, was given the responsible position of 
chief chemist of the Leas and MeVitty plant in Buena 
Vista. In 1912 he moved to Benicia, California, where 
he was chief chemist for Kullman, Salz and Company. 

In 1919 McLaughlin dropped industrial work and 
went to the University of Cincinnati, where he felt he 
could find opportunity for study and research as a 
means for seeking answers to many problems that he 
had found in practical work. At Cincinnati he held a 
research associateship in physiology. This two-year 
period of study brought an unexpected reward. The 
leading tanners of the country had, for several years, 
maintained a central research laboratory in New York 
City. They wished to expand this activity and were 
in need of a director who possessed enthusiasm, sci- 
entific curiosity, practical knowledge, and the ability 
to work with people. MeLaughlin accepted the offered 
position after the tanners had agreed to an unusual 

proposal from him. The laboratory was to be moved 
to Cincinnati, was to be associated with the Univer- 
sity there, and, when so located, was to deal with 
fundamental research rather than “plant problems.” 
A separate laboratory building was designed, built, 
equipped, and staffed under McLaughlin’s direction 
and was soon producing basic and fundamental scien- 
tifie findings for both science and industry. 
men were added to the staff from time to time. Many 
of them later went out into work elsewhere, carrying 
the benefits of MeLaughlin’s training and stimulating 
approach. 
Moreover, he held a post in the University—as one 
of his friends said, that of “dean without portfolio,” 
for his administrative skill and understanding of per- 
sonnel questions, coupled with his close friendship 
with the deans of the Engineering and Graduate 
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Schools, Dr. Herman Schneider and Dr. Louis 
More, drew him increasingly into the role of ajy; 
on university problems. Thus, his influence wag vil 
spread in the local community and was extended, y 
his wife’s, pianist and painter, to the artist, 
intellectual life of the city. 

By 1931 administrative duties had pyramided, |g 
ing little time for research work. Again opporty,; 
and the chance to create another research group ¥ 
at hand. The result was the B. D. Eisendrath ) 
morial Laboratory at Racine, unique in the tannjy 
industry and made possible by his friend, Dayig 
Eisendrath, president of the B. D. Eisendrath Tanniy 
Company. More research and further contributig 
to science and industry followed. His last work y; 
as senior author of the recently published Ameri 
Chemical Society Monograph, The chemistry of leath 
manufacture, into which he poured his unusual coy 
bination of practical but well-considered experiey 
and keen and painstaking research. 


In recognition of his work and contributions he wy 
awarded the honorary degree of Master of Science} 
the University of Cincinnati in 1924. In 1937 he be 
eame the first recipient of the Fraser Muir Moffi 
Gold Medal, awarded by the Tanners’ Council Re 
search Foundation. He had served as president of the 
American Leather Chemists Association, of the Cir 
cinnati Section of the American Chemical Society, and 
of the Cincinnati Chapter of Sigma Xi. 


Despite his deep and active interest in his studies, 
his thoughtful mind ranged far beyond his scientifi 
work. Enthusiastie over history, widely read in phi 
losophy, a lover of musie and the graphie arts, he was 
serving as chairman of the Racine Art Association a 
the time of his death. A special fund, set up in his 
name by contributions from friends and admirers, hi 
been established to further the work of the Wustum 
Museum of Fine Arts in Racine. 

Such men as George McLaughlin, beginning as 4 
prentice chemist and rising through his ability, probity, 
and energy to leadership in his profession, reaffirm 1! 
practice the very best traditions of the Americal 
democracy to which he was so devoted. 


Cuartes H. Benee, JB 
Department of Geology, Columbia University 
Davip B. EIsenpDRATE 
B. D. Eisendrath Tanning Company 
Racine, Wisconsin 
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Sybtilin, an antibiotic obtained from Bacillus sub- 
iis by Jansen and Hirschmann in 1944 (4), was 
und to be active in vitro against Staphylococcus 
yreus, Lactobacillus casei, Micrococcus conglomera- 
ys, and Streptococcus viridans. Salle and Jann (10) 
ave indicated that it is also active in vitro against 
rran-positive bacteria including Mycobacterium tuber- 
ulosis. It was reported by them to have a cytotoxic 
ndex of about 20. Beeause of its favorable antibiotic 
nctivity we desired to investigate possible modes of 
kction against a variety of organisms. Effects on 
Trypanosoma equiperdum, Leishmania donovani, 
Indamoeba histolytica, Lactobacillus plantarum, and 
Ascaris suis were studied. In addition, physical be- 
havior was considered in an effort to explain the 
biologic activity of subtilin and other antibioties in 
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Using the technie of Heilman and Herrell (3), sub- 
tilin,? 0.05 per cent in water or in 85 per cent ethyl 
alcohol, showed immediate surface-tension-lowering 
effect. Gramicidin, as noted by Heilman and Herrell 
(3), and gramicidin derivative (formaldehyde treated), 
prepared by Lewis, et al. (6), exhibited similar prop- 
erties. Lysozyme and streptomycin* produced only 
slight effects, while penicillint did not alter surface 
tension. Fig. 1 summarizes our findings.. The Cenco- 
Du Noiiy tensiometer was used. 

The hemolytie effect of gramicidin, reported by 
Heilman and Herrell (2), was compared with that of 
the other antibioties. Confirming the studies of Lewis, 
et al., gramicidin derivative proved less hemolytic. 

‘Part of a cooperative study with Dr. Howard D. Lightbody 

_— associates, Western Regional Research Laboratory, U. 8. 

epartment of Agriculture, Albany, California, who produced 
| ve antibiotics reported (unless otherwise acknowledged) ; 

Tegner with Dr. A. J. Salle, Department of Bacteriology, 
- hiversity of California at Los Angeles. Studies in the Uni- 

Ny a were supported, in part, by Eli Lilly and Company, 
ndianapolis, Indiana, and the Committee on Medical Re- 
| Search, Office of Scientific Research and Development, under 


he with the University of California. Acknowledg- 
yent is made to Dr. Benedict E. Abreu and to Mrs. Blsa 


it who performed some of the toxicity tests in mice. 
welg nouns of antibiotics are expressed on the basis of 
‘ght of dry materials, except for penicillin (C.S.C.). 
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apolis, Indiana: streptomycin, 350 units/mg. ; penicil- 
1,650 units/mg. 
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Subtilin had no immediate effect on red cells, but 
after 24 hours at 4° C. hemolysis oceurred. Penicillin 
and streptomycin caused no hemolysis, thus confirming 
Van Dyke (11) with respect to penicillin. 

Brief exposure of 7. equiperdum to subtilin dis- 
solved in 0.45-per cent sodium chloride solution re- 
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sulted in immediate cytolysis when 1: 2,000 dilution 
was used. Streptomycin and penicillin were not lytie. 
Survival of trypanosome-infected mice was not pro- 
longed when 80 to 160 mg./kg. amounts of subtilin 
were given intraperitoneally. 

Using a previously described technic (7), subtilin 
was not active in vitro or in vivo against L. donovan. 
Penicillin G in 1:1,000 dilution caused cytolysis of 
leishmania in 6 hours, and in 1: 10,000, in 24 hours. 
In vivo it was not active. Neither streptomycin nor 
lysozyme was effective in vitro. 

E. histolytica was killed im vitro in liquid liver 
medium (2) at 1:400,000 dilution of subtilin, as 
well as the associated bacterium ‘t’. In egg slope 
medium it was active within the range of emetine 
hydrochloride, and on autoclaving solutions for 10 
minutes, subtilin’s activity was markedly enhanced. 
The gramicidins had similar activity in egg slope 
medium, but were only one-fifth as active as subtilin 
in liquid liver medium. Streptomycin in 1: 2,500 dilu- 
tion killed the ameba in vitro. Penicillin has been 
reported ineffective (8). One monkey (Macacus 
rhesus) was cleared of E. histolytica for three weeks 
after 1.0 gram/kg. total oral doses in 10 days. 

Against L. plantarum (342y) in liquid medium econ- 
taining 1 per cent dextrose and 1 per cent Difco yeast 
extract (pH 6.8), a 1: 80,000 dilution of subtilin in- 
hibited growth after 48 hours at 37° C. Cholesterol 
did not enhance its activity, but para-aminobenzoie 
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acid did. The gramicidins were active at 1: 40,000 
dilution and streptomycin at 1: 10,000. 

In vitro tests against A. suis, using the technic of 
Lamson and Brown (5), revealed that none of the 
antibiotics studied was active. 

The acute toxicity of subtilin in mice, on intravenous 
injection of 1 per cent solution, was LD;, (60+3 
mg./kg.); on subcutaneous injection, the LD;, was 
670+30 mg./kg.; when given intragastrically, 5.0 
grams/kg. killed. One per cent solution instilled into 
the rabbit’s eye was nonirritating. 

Gramicidin, 1 per cent in propylene glycol, given 
intravenously in mice had an LD;, of 1.5 mg./kg. 
This is slightly lower than reported by Robinson and 
Molitor (9). Gramicidin derivative was less toxic, 
LD,. being 4.7 mg./kg. Lethal doses of the grami- 
cidins killed within one minute, which precluded the 
possibility of delayed hemolysis being responsible. 

Summary. Subtilin, a new antibiotic obtained 
from B. subtilis, proved active in vitro against L. 
plantarum, E. histolytica and its associated bacterium 
‘’, and T. equiperdum without causing immediate 
hemolysis of erythrocytes. Subtilin is tensioactive, 
and amounts required for antibiotic effect are within 
the range of surface tension activity. It was relatively 
nontoxic for four species of mammals, especially after 
intragastric administration. Gramicidin is more hemo- 
lytic and more toxie than subtilin. 
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A Relation Between Size of the Divalent 
Cation and Solubility of Triple 
Acetate Salt of Sodium 


LockuHart B. Rocers 
Stanford University 


The importance of the size of the alkali metal 
cation to the formation of the triple acetate salt, 
NaM?U0,(OAc),-6H,O, was first demonstrated by 
Caley and Baker (2) when they proved that potas- 
sium, unlike lithium and sodium, formed only a double 
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salt. In their paper, they listed the divalent jg into 
which form triple acetate salts with sodium j, » | 
order of decreasing sensitivity toward sodium, Th 
list is reproduced in Table 1, together with ¢, a 
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TABLE 1 


RADII OF DIVALENT CATIONS WHICH FORM Triptp Acr 
SALTS ARRANGED IN ORDER OF DECREASING SENSItIVins 
OF THEIR RESPECTIVE REAGENTS TOWARD Sopiyy 








Radii in Angstrom Units 
Cation 











Ionic Atomic 

os . ate, 0 
ee 65 62 
iat ae 2 0.70 1.24 though 
OR haere A 0.72 1.26 ‘ 
NS Sai Ref 0.74 1:37 f doubl 
te epapimstinbat tage 0.75 ore it N 
ee sk . wie Be 0.80 1.36 _ 
RE Seren ie 1,28 nown. 
BSSSG te. aces 0.97 1.52 
BT hgh Ack hea 1.10 dius 0 





1.55 (liquid) 
—_— i the t 

able J 

hether 


triple 


pirical ionic radii of Pauling (5) and the atomic radi 
of Goldschmidt (3). It can be seen that the solubj. 
ity of the triple salt increases with the radii of th 
ions, whereas it bears no relation to the radii of the 
atoms. | 7 

Caley and Baker did not assign a position to th 55 


ferrous acetate reagent because the difficulties involyej — 
in handling it made its exact position in the group wu. a. ns 
certain. However, the value of the ionie radius of the wa 
ferrous ion establishes the position of reagent between MR gt 
those of zine and manganese.* e- 
e 

TABLE 2 : 

G 


RADII OF ALKALINE EARTH METALS OTHER THAN MAGNESICY 








Radii in Angstrom Units 














Cation 

Ionic Atomic 

BO ac osecesecessvesser 0.31 1.05 
On ae thine as does 0.99 2:21 Ep 
pap RS py PD BS 1.13 Ber 

eer. eee 1.35 

Likewise, if the assumption is correct that the solu- It 
bility varies with the ionie radius, one should be able HR toxic 
to assign a value to the radius of the eupric ion be Hi¢ini 
cause the sensitivity of its reagent is known. Untor Bi cally 
tunately, the limits are very wide, so additional infor HM an j 
mation must be sought. The radivs of the cuprols BM org: 
ion is known (0.96 A.—Pauling), as is the magnitude Hi fest 





of the change in the radius resulting from the loss of He The 
an electron by the ferrous ion (0.15 A.). Although Hof t 





the conditions are not exactly the same for the ferrol’ J nis: 
ion and the cuprous ion, they are sufficiently similar " 
to enable one to guess that the radius of the cuprit JR sev 
ion is approximately 0.81 A. vie 


From Table 2 one might predict that the radii of JJ an 
the divalent ions of the alkaline earth group do n0 | 


‘ en. 
1In a private communication, Dr. Caley stated that this 


position is consistent with his observations. 

















No, 269 5, 1946 











pril 


lent jim into the range of those of the heavy metals and 
mM jp | erofore are not likely to form triple acetate salts. 
QL. Thee must admit, however, that other factors, such as 


}» solubility of an individual acetate or the solubility 
+, double salt, together with the coordination num- 
of the ion, May limit the possibility of the forma- 
of a triple salt. It is interesting to note, there- 
re, that although a triple acetate has been reported 
yr beryllium (1), the findings are open to 7g 
srding to the work of another investigator (4). T 

ite, no triple acetate has been reported for sabi 
though very early work (6) reported two varieties 
¢ double salt, one of which might have been a triple 
Jt, No triple salts of strontium or barium are 
own. Henee, it appears that the size of the ionic 
adius of a divalent ion not only affects the solubility 
f the triple acetate salt within the group listed in 
able 1 but also provides a means of predicting 
hether or not any divalent cation is likely to form 


triple acetate salt. 


the ey 
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ts he Mechanism of the Therapeutic Effect 
fof Iodine on the Thyroid Gland 


Epuarpo DE Rospertis and WixTor W. NowInskKI 


Instituto de Anatomia General y Embriologia 
rie Universidad de Buenos Aires 


| It is now a well-established fact that in cases of 
toxic goiters the iodine produces an effect which, 
clinically, shows relief of the symptoms and, biochemi- 
ally, decrease of the circulating thyroid hormone and 
an increase in the gland of total iodine, both free and 
organically bound. Histologically, this effect is mani- 
fested by the deposit of the colloid inside the follicles. 
These facts are generally interpreted as a blockage 
jof the release of the seeretion by iodine, but its mecha- 
nism is still not very well understood. 
_ The theory of a mechanical blockage, supported by 
several authors (5, 6), can be hardly maintained in 
iView of the modern concepts of enzymatic chemistry 
and histophysiology of the thyroid gland. 
Salter and Lerman (7), as the result of a study of 
is J Uzymatic synthesis carried out with proteases as 
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catalysts, suggested that the therapeutic effect of 
iodine is due to the mass-law phenomenon, which acts 
by “forcing” the reaction in the direction of a syn- 
thesis and, in this way, inducing the colloid formation 
and storage. 

In 1941 one of us (1) demonstrated that the colloid 
of rat thyroids, extracted from a single follicle, has 


TABLE 1 


PROTEOLYTIC ACTIVITY OF TOXIC GOITERS BEFORE AND AFTER 
TREATMENT in Vitro WITH IODINE 








Iodinized 
extract 
Mg. of tyrosine 


Blank 
Mg. of tyrosine 





and tryptophane and tryptophane Per cent 

set free set free inhibition 
0.116 0.031 73.3 
0.164 0.035 ry Fi: 
0.094 0.042 55.3 
0.225 0.105 53.4 
0.092 0.011 88.5 





a definite proteolytic activity, and established a cor- 
relation between this activity and the function of the 
thyroid gland. From these results, later confirmed 
by Dziemian (3), the conclusion was drawn that in 
the reabsorption of the colloid an enzymatic mecha- 
nism is involved which is responsible for the pro- 
teolysis of thyreoglobulin. It also was found that 
iodine, after a certain time, inhibits this proteolytic 
activity. 

Recently we found (2) in human thyreotoxicosis 
that the proteolytic activity of the total gland, as mea- 
sured by the amount of tryptophane and tyrosine set 
free, is probably also decreased through the action of 
iodine administered in therapeutic doses. These re- 
sults and those of Henrriott (4) on the inhibition of 
pepsin activity by iodization in vitro, led us to sup- 
pose that in the case of iodine treatment the clinical 
effect is due to an inhibition of the proteolytic enzyme 
system. 

In order to test this assumption, glycerol extracts 
of human thyroid gland (toxie goiters) were iodinized 
in vitro with a final concentration (0.05 M) of iodine, 
and the proteolytic activity was determined by the 
amount of tyrosine and tryptophane set free after a 
4-hour incubation at 37° C. with edestin as substrate. 
The details of this method were described in our pre- 
vious paper (2). Here we wish only to add that the 
glycerol extracts, after iodinization, were dyalized 
for 2448 hours at 3° C. Also, the blank (i.e. the 
same extract, but without iodine) was treated in the 
same way. 

Certain of the results of this experiment are given 
in Table 1, from which the conclusion may be drawa 
that, under these conditions, there is 53.4 to 88.5 per 
cent inhibition of the proteolytic activity of the thy- 
roid gland. It is interesting to point out that this 
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inhibition is due to free iodine, as control experi- 
ments with potassium iodide (which serves as a sol- 
vent medium for the iodine in our iodinization experi- 
ments) show no inhibiting effect whatever. The same 
may be said about the thiourea, which obviously acts 
through a different mechanism. 

From our experiments we conclude that the thera- 
peutie action of iodine on the thyroid gland is due to 
the inhibition of the proteolytic enzyme system, prob- 
ably responsible for the release of the follicular 
colloid. 
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Brain Involvement as a Possible Cause 
of Relapse After Treatment in Spiro- 
chetal Relapsing Fever 


V. T. ScounarRpT and EmMmMarie C. HEMPHILL 
Department of Bacteriology, University of Texas 


Schuhardt and O’Bryan (1) have reported that 
doses of 40,000+ units (per kilogram body weight) of 
penicillin sodium, when injected intraperitoneally over 
a period of 72 hours beginning at onset of the first 
attack, will cure blood-stream involvement and prevent 


TABLE 1 
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damental problem, not only in the ease of Spiroche 
relapsing fever but also in that of spirocheta| diseg 
generally. Also, the problem of therapy jy new 
syphilis conceivably is related to the problems hg 
involved. Furthermore, we believe that much o 

confusion in the literature relative to the use of 
lapsing-fever-spirochete infected animals jn testiy 
spirocheticidal agents stems from the irregular ,, 
dency of these animals to relapse after treatme, 

In our experimental work 53 rats were infegtej | 
the intraperitoneal injection into each of 0,0): , 
of onset positive heart blood from tick (0. turicu, 
infected rats. The infection status of these rats, bof 
before and after treatment, was followed by unify 
(0.01 ml. of a 1: 20 dil.), daily, dark-field examinaiiy 
of tail blood. Penicillin therapy was begun ip } 
test animals on the second or third day of dark-f 
positivity which, in each case, was the fourth or fi 
day of the infection. 

Twenty-five of the rats were anesthetized with : 
mg. of nembutal per 100 grams body weight, and ex 
received 1,000 units of penicillin in a single inty 
cranial injection (0.05 ml. of a 20,000 units/ml. soly 
tion in phosphate buffer pH 7.0). Although many g 
these rats showed severe convulsive reactions, only! 
died as a result of this injection. The 23 surviviy 
rats received 1 to 14 intraperitoneal injections of peu 
cillin at three-hour intervals, resulting in doses rang 
ing from 4,400 to 50,900 units/kg. body weight. 

Nineteen rats received no intracranial penicillia 
but received 1 to 16 intraperitoneal injections at inter 








Penicillin therapy 


Brain-blood passage 





No. showing 

















ban 3 Intracranial Intraperitoneal microscopic results 

§ - relapse x 
Amount No. inj. Units/kg. No. passed No. ps 

13 1, 000 units 1to10 4,400-—22,800 12 1 1 

14 None 1to10 10,100-—35,900 12 2 2 

6 1,000 units 4 41,000—-50,500 Not examined 6 3 

4 1,000 units 10 to 14 42 ,400-—50,900 0 4 0) 

Si. None 10 to 16 47,600-—52,500 3 2 2 

9 None None S 9 9 


| 





most brain involvements in Ornithodorus turicata- 
transmitted relapsing fever of the white rat. Equiva- 
lent intraperitoneal doses given at later stages of the 
infection failed to eure brain involvement. Subse- 
quently, these workers (2, 3) reported eure of brain in- 
volvement by the intracranial injection of 1,000 units 
of penicillin. These observations provide a means of 
testing the theory that relapse after treatment in 
spirochetal relapsing fever can be a consequence of 
the persistence of spirochetes in the central nervous 
system of the treated animals. 

This tendency to relapse after treatment is a fun- 


vals of three hours, resulting in penicillin doses 0 
from 10,100 to 52,500 units/kg. body weight. Thee 
rats served as controls for comparing the effect 
combined (intracranial and intraperitoneal) therapy 
with intraperitoneal therapy alone. Nine additioul 
rats served as untreated controls. Eight of these 1 
lapsed one or more times during the experiment, at! 
all 9 were brain-blood-passage positive at the et! 
of 31 days. 

Too few rats were included in the group receivilf 


30,000 to 40,000 units/kg. body weight intrapet! 
toneally to draw final conclusions relative to the mini: 
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curative intraperitoneal dose of penicillin. 
yever, all 27 rats which received less than 40,000 
is kg. intraperitoneally either relapsed miecroscopi- 
ly or were brain-blood-passage positive regardless 
iether or not they received intracranial therapy. 
ve can accept the growing evidence that 1,000 
s of penicillin is adequate to sterilize the brain 
an infected rat, the relapses and positive brain 
sages in the 13 animals in this group, which re- 
j intracranial penicillin, were the consequences 
inadequate intraperitoneal therapy to cure the 
nd stream and/or visceral tissues. 
Fifteen rats received intraperitoneal penicillin total- 
» from 41,000 to 52,500 units/kg. body weight. 
‘ of these rats each received an additional 1,000 
is intracranially. These 10 rats were subdivided 
9a group of 6 which received more than 40,000 
its/kg. in 4 intraperitoneal injections and a group 
4 which received equivalent total amounts of peni- 
in in 10 to 14 intraperitoneal injections. The 5 
maining rats in this group, which received no intra- 
mnial penicillin, received from 47,600 to 52,500 
its kg. in 10 to 16 intraperitoneal injections. 
The 6 rats which received only 4 intraperitoneal 
ections were not examined microscopically for re- 
pses. Brains were passed from these animals within 
days after treatment, and 3 were found to be posi- 
e. Since each brain passage includes varying 
nounts of adhering blood, we are inclined to inter- 
et these 3 positive passages as instances of blood 
usage resulting from the short duration #of the 
traperitoneal therapy. 
The 4 rats which received combined therfpy and 
— ie more than 40,000 units /kg. intraperitoneally in 
) to 14 injeetions were examined microscopically for 
1 days, during which time none relapsed. Brain 
ssages from these 4 animals were all negative. 
+ hus, it is again demonstrated that adequate combined 
) biracranial and intraperitoneal penicillin therapy 
| ill cure both brain and blood-stream involvement in 
Kperimental relapsing fever. 
—™® The 5 rats which received no intracranial penicillin 
but received 47,600 to 52,500 units/kg. intraperi- 
0 MMoneally in 10 to 16 injections were examined micro- 
ie Mscopically each day until they relapsed, or for 31 
Mays. Three of these rats relapsed in 11 to 16 days. 
M he two whieh did not relapse in 31 days were found 
iil MH be brain passage positive and can be assumed to 
1 Rave been potentially capable of relapsing had the 
i examination period been extended. This irregular 
ul BPelapse tendeney undoubtedly has been the cause of 
puch confusion in chemotherapeutic studies in experi- 
ental relapsing fever. We believe that the use of 
Mitracranial or intracisternal penicillin will serve as 
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a distinet aid in future testing for the blood-visceral 
efficacy of other spirocheticidal agents in rats. 

The results of these experiments prove that relapse 
after intraperitoneal treatment in experimental relaps- 
ing fever can result from spirochetes re-entering the 
blood after persistence in the central nervous system 
during the course of treatment. Undoubtedly some” 
of the numerous instances of relapse after intravenous 
arsenic therapy in human relapsing fever can be ex- 
plained similarly. 
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The Ambiguity of International 
Antitoxic Units! 


Ivan C. HALL 


Central Laboratory, Contaminated Wound Project 
College of Physicians and Surgeons, Columbia 
University 


The labels on the bottles of commercial polyvalent 
antitoxin now being used in the prophylaxis and treat- 
ment of gaseous gangrene are very misleading. For 
example, “one therapeutic dose” of a certain brand of 
such antitoxin is stated to contain: 

10,000 units B. perfringens antitoxin 

10,000 units Vibrion septique antitoxin 
3,000 units B. histolyticus antitoxin 
1,500 units B. oedematiens antitoxin 
1,500 units B. Sordellii antitoxin 

One would naturally suppose the units of these five 
antitoxins to be of equal protective power; such a 
serum would seem to be very strong in protective 
action against B. perfringens and “Vibrion septique” 
(B. septicus), less than a third as strong against 
B. histolyticus, and only about one-seventh as strong 
against “B. oedematiens” (B. Novyi) and B. Sordellii. 

As a matter of fact, no two of the international 
units for these antitoxins have the same protective 
power in terms of minimal lethal doses of their respec- 
tive toxins in mice. The papers of Bengston, Stew- 
art, and Ipsen (2, 3, 4), who established the interna- 
tional standards for these antitoxins under the auspices 
of the Permanent Committee of Standardization of the 
Health Organization of the League of Nations, show 
the approximate values indicated in Table 1. 

It is, of course, impossible to establish and main- 
tain an exact relationship between the number of 

1 The work in this paper was done under a contract, recom- 
mended by the Committee on Medical Research, between the 
Office of Scientific Research and Development and Columbia 


University. Dr. Frank L. Meleney, of the Subcommittee on 
Surgical Infections, was the responsible investigator. 
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minimal lethal doses of different lots of toxin and a 
“nit” of antitoxin, owing to the varying ratios of 
active toxin and inactive toxoid occurring in different 
toxic filtrates. It is well known that both toxins and 
toxoids combine with antitoxins. The original stand- 
ard units of diphtheria, tetanus, and botulinus anti- 
toxins were based upon test doses of more or less 
stabilized toxins measured in minimal lethal doses for 
guinea pigs of standard weights from which an initial 











TABLE 1 
o, 8 oq 
se S ee 
eSee o. 2° 
ho nr hen: 
Antitoxin Bore i ECSS 
Kee b, As Ken 
£aQ2 2S ESA 
aes ae Seb 
 - v  — 
<5 Da 465 a 
B. perfringens 50 to 70 10,000 500,000 to 
700,000 
B. septicus 40 to 64 10,000 400,000 to 
(Vibrion septique) 640,000 
B. histolyticus 45 3,000 135,000 
B. Novyi 
(B. oedematiens) 5,000 1,500 7,500,000 
B. Sordellii 1,900 to 1,500 2,850,000 to 
3,800 5,700,000 





provisional and reasonably stable unit of serum could 
be defined, but it was always necessary to titrate each 
lot of toxin against the standard antitoxic unit when 
ascertaining the titer of new lots of antitoxins. And 
the number of minimal lethal doses in the test doses 
from different lots of toxin was found to vary con- 
siderably. In fact, the same antitoxin tested against 
different toxins equated to the same standard unit 
sometimes gave different values. The same principle 
holds for the gas-gangrene antitoxins, yet there is, in 
all cases, an approximate relationship between unitage 
and protective power. It thus appears in the above 
“therapeutic dose” of polyvalent gas-gangrene anti- 
toxin that while the number of units of B. perfrin- 
gens and B. septicus antitoxin is large, their protec- 
tive power is greatly exceeded by a much smaller 
number of units of B. Novyi and B. Sordellu anti- 
toxin. 

There has been considerable discussion as to the 
most desirable composition of polyvalent gas-gangrene 
serums. Some manufacturers, starting some years 
ago with a mixture similar to the above, in some cases 
including 1,500 units of tetanus antitoxin, subse- 
quently eliminated all but the antitoxins for B. per- 
fringens and B. septicus on the ground that these 
two were the most common causative agents in gaseous 
gangrene. Tetanus antitoxin was to be given pro- 
' phylactically in a separate dose. But owing to the 
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ee 
increased number of cases of infection with BY, 
in the military campaign in the Middle Kast (6), ey 
practice has been to include B. Novyi antitoxiy —— 
well, omitting the antitoxins for B. histolytic,, 
B. Sordellti on the ground of relative infreque 
I favor the inclusion of all five in AP Proxing 
equal protective ratios, because experience shows 
all the above anaerobic bacilli give rise to Serig 
wound infections, and it is impossible for bacte 
logical examination to determine the significant y 
cies present in a given case in time to decide whi 
monovalent serum should be used. 
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It is really unfortunate that the standardizatig, 
antitoxin serums was not developed so that an 4 
proximately equal protective power was always ; 
noted by the term “antitoxin unit.” Even the m 


























; : : _ 
older units of diphtheria, tetanus, and botulinus y wee! 
toxins differ from each other and from the aboy aa 

Pla 


relative protective power. The diphtheria unit y 
originally defined as that amount of serum whi 
would protect a 250-gram guinea pig for 96 hy 
against a test dose (L,) of diphtheria toxin of j 
minimal lethal doses (5), while the tetanus antitoy 
unit was defined in the United States as 10 times thy 
amount of serum which would protect a 350-gry 
guinea pig against a test dose of 100 minimal let) 


ebruar’ 
egiate ( 
1 parti 
pram 0. 


Anno’ 


doses (7), and botulinus antitoxin was standardiz a 
like tetanus antitoxin except that guinea pigs weigh _ : 
250 grams were used (7). ay 
The gas-gangrene antitoxin units defined in tem entists 
of minimal lethal doses of toxin for mice are all d 
ferent from those of diphtheria, tetanus, and botulis Te 
in terms of minimal lethal doses of these toxins f situt 
guinea pigs. Although the values overlap betweg patter 


B. perfringens and B. septicus antitoxins and betwe Dr. 










B. tetani and B. botulinus antitoxins, the discrepancai pales 
in the list as a whole and the over-all range are (Mg metal 
spicuous. Dr 
Perhaps a new international committee on staul 

° . . . . . . “8 ud 
ardization might consider redefining antitoxic unitsifm ° th 
terms of approximately equal protective power 1M y 4 
order to simplify as far as possible our now confusii .., 
conceptions. phoi 
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Fregye Max A. Lauffer, associate professor of physics at 
OXinsifilmmme University of Pittsburgh, will receive at Atlantic 
shows ¢lmmmiy on 12 April the $1,000 Eli Lilly and Company 


in Biological Chemistry for his work on 
yses. Dr. Lauffer will speak on “Contributions of 
‘us Research to Chemistry and Physics” to the 
merican Chemical Society’s Division of Biological 
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J. W. T. Youngs, of Purdue University, has been 
sade associate professor of mathematics at Indiana 
Mpiversity. 

Dr. Homer C. Thompson, head of the Department 
f Vegetable Crops, Cornell University, addressed the 
Piant Institute of the Ohio State University on 25 
ebruary. Dr. Thompson, who received the three col- 
pgiate degrees from Ohio State, spoke on “The Im- 
nortance of Micronutrients in Vegetable Production” 
participating in the Twenty-fifth Anniversary Pro- 
vram of the Plant Institute. 
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indi The Ella Sachs Plotz Foundation for the advance- 
ichingmenent of scientific investigation made 23 grants-in-aid 
* BB during 1945, the twenty-second year of its existence. 
In the past, 531 grants have been distributed to sci- 
he entists throughout the world. The current list follows: 
lig Dr. Clemens E. Benda, Wrentham State School, Wren- 


tham, Massachusetts: the development of the anterior 
pituitary lobe from birth to adolescence and the main 
patterns of pathology in various disorders. 

Dr. H. Bernkopf, The Hebrew University, Jerusalem, 
Palestine: work on influence of rabies virus on the 
metabolism of brain tissue of chicken embryos and mice. 

Dr. T. T, Chen, University of California, Los Angeles: 
| publication of two-colored plates illustrating cytological 
studies of malarial parasites. 

Dr. 8. J. Crowe, Johns Hopkins University School of 
Medicine, Baltimore: continuation of work on chronic 
occlusion of the Eustachian tube by hyperplastic lym- 

phoid tissue in the region of its nasopharyngeal orifice. 
| Prof. M. 8. Dunn, University of California, Los 
Angeles: continuation of investigation of peptides. 

Dr. Anna Goldfeder, New York University College of 
Medicine, New York City: continuation of studies on the 
relation between radiation effects and cell viability as 
/ indicated by induced resistance to transplanted tumors, 

Dr. A. Sydney Harris, Western Reserve University 
School of Medicine, Cleveland, Ohio: a study of the 
effects of anoxia on the heart. 

Dr. H. Heller, University of Bristol, Bristol, England: 
investigation of the renal function of newborn mammals 
in comparison with adult. 
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Dr. Harold Holck, University of Nebraska, Lincoln: 
work on the relation of sex to drug action. 

Dr. W. Henry Hollinshead, Duke University School of 
Medicine, Durham, North Carolina: investigation into the 
functions of the abdominal chemoreceptors of the mouse 
and rat. 

Dr. George W. Holmes, Massachusetts General Hos- 
pital, Boston: publication of material on the effect of 
cathode rays on the human skin. 

Dr. V. Korenchevsky, Oxford, England: research on 
aging. 

Dr. Otto Krayer, Harvard Medical School, Boston: 
analysis of certain .phenomena of nerve and muscle re- 
lated to the ‘‘veratrine response’’ of these tissues, and 
work pertaining to the distribution and activity of 
cholinesterase, by Drs. George H. Acheson and Ralph 
W. Brauer. 

Prof. J. V. Luco, Santiago de Chile, South America: 
research in the field of neurophysiology. 

Prof. Carl Neuberg, New York University, New York 
City: continuation of physiological investigations of the 
osones., 

Dr. William T. Salter, Yale University School of Medi- 
cine, New Haven: study of the action of cardiac gly- 
cosides and other cardiotrophic substances upon fatigued 
heart muscle. 

Dr, F. O. Therman, Nobel Institute for Neurophysi- 
ology, Karolinska Institutet, Stockholm, Sweden: con- 
tinuation of neurophysiological research. 

Thorndike Memorial Laboratory, Boston City Hos- 
pital, Boston (Prof. George R. Minot, director): in 
recognition of Dr. Francis W. Peabody’s services to the 
Foundation. 

Dr. Edward J. Van Liere, West Virginia University 
School of Medicine, Morgantown: continuation of re- 
search on the effect of anoxia and asphyxia on animals, 
to include intestinal absorption and motility. 

Dr. William J. van Wagtendonk, Oregon State College, 
Corvallis: investigation of the enzyme systems respon- 
sible for the derangement of the purine metabolism dur- 
ing the deficiency of the antistiffness factor. 

Dr. E. Wertheimer, The Hebrew University, Jerusalem, 
Palestine: investigation of in vitro synthesis of glycogen 
from glucose by liver and diaphragms of diabetic rats. 

Prof. Richard W, Whitehead, University of Colorado 
School of Medicine, Denver: continuation of investiga- 
tions into ‘‘diffusion respiration. ’’ 

Prof. Bernhard Zondek, Rothschild Hadassah Univer- 
sity Hospital, Jerusalem, Palestine: continuation of in- 
vestigations dealing with the impairment and stimula- 
tion of the functions of the pituitary gland and espe- 
cially of the gonadotropic hormones of the anterior 
pituitary lobe. 


Applications for grants to be held during the year 
1946-47 must be in the hands of the Executive Com- 
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mittee before 15 April 1946. There are no formal 
applieation blanks, but letters asking for aid must 
state definitely the qualifications of the investigator, 
an accurate description of the research, the size of the 
grant requested, and the specific use of the money to 
be expended. In their requests for aid applicants 
should state whether or not they have approached 
other foundations for financial assistance and what 
other sources of support are relied on for research. 
It is highly desirable to inelude letters of recom- 
mendation from the directors of the departments in 
which the work is to be done. Applications should be 
sent to Dr. Joseph C. Aub, Massachusetts General 
Hospital, Boston 14, Massachusetts. 


The Joint Army-Navy-NDRC FPropical Deteriora- 
tion Information Center, which operated under con- 
tract with the George Washington University during 
the war, has been transferred to the National Research 
Council under a contract between the Navy Depart- 
ment and the National Academy of Sciences. The 
project has been renamed The Prevention of Deteri- 
oration Center. The functions of this project are: 
(1) to maintain and operate a coordination center; 
(2) to maintain personal contact with all work on the 
prevention of deterioration; (3) to act in a econsult- 
ing and advisory capacity on deterioration; and .(4) 
to conduct certain studies in this field at the request 
of the Armed Forces. 


The 125th anniversary celebration of the Philadel- 
phia College of Pharmacy and Science was held on 
22 February in Philadelphia. At ceremonies in the 
college auditorium representatives of nearby univer- 
sities and colleges, learned organizations, and profes- 
sional societies heard a review of the influence of the 
founding Quakers on Philadelphia’s institutions, pre- 
sented by Dr. George Urdang, director of the Amer- 
ican Institute for the History of Pharmacy, Madison, 
Wisconsin. 


The National Registry of Rare Chemicals, Armour 
Research Foundation, 35 West 33rd Street, Chicago 
16, Illinois, lists their new needs as follows: thia- 
naphthene; coniferyl aleohol; uridylic acid, d- or 
l-fenchone; ornithin; azulene; diphenyl phosphate; 
3,4-dihydroxy pyridine; trimethylene diamine; tetra- 
methylene diamine; pentamethylene diamine; humic 
acid; 2-phenyl cyclohexanol; 1,1-dibrompropane; stro- 
phanthidin; digoxigenin; digitoxigenin; periplogenin; 
cyclobutane; pyrithiamine; l-rhamno ascorbic acid; 
d-arabo ascorbie acid; o- or f-angelica lactone; tri- 
butyl boron. Please communicate regarding these di- 
rectly with the Registry at the address given above. 
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Three lectures on Electrical Communicatigy 
Roots and Branches will be given by Dr, J. y 
Perrine, assistant vice-president, American Telephg 
and Telegraph Company, in the auditorium g¢, 
Wagner Free Institute of Science, Montgomery 4, 
nue and 17th Street, Philadelphia. The subjects , 
be: “Entangling Alliances of Electricity,” 19 Any 
“Waves, Carriers of Power and Information) 
April; “Radar and Microwaves,” 26 April. Lec) 
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are to begin at 8:00 P.M.; admission is free, the He 
The newly formed Eastern Association of Elec)fimms Aved 
encephalographers will meet at the Graduate Cly dM libra’) 


Ameri 
» Instit 
ot any 


the Institute of Living, Hartford, Connecticut, at 1. 
P.M., Friday, 12 April 1946, at which time a draft 
the constitution and bylaws will be presented by 4, 
Organization and Program Committee. Military 
perience in electroencephalography will be discus 
by Dr. Milton H. Kibbe, who will speak of the Ary 
and Dr. Charles B. Henry, who will report on Nx 
data. This is the second meeting of the group. 













y-year's 


wy. E. 
rs On 
k giv 
ia. A 


uneed 


Elections 


Officers of the Washington Academy of Sciences 4 
1946 are: Hugh L. Dryden, president; F. G. Bri¢ 
wedde, secretary; Howard 8. Rappleye, treasurg 
Vice-presidents representing the Affiliated Socictig 
are: Francis M. Defandorf, Philosophical Society ¢ 
Washington; T. Dale Stewart, Anthropological & 
ciety of Washington; Frank Thone, Biological Society 
of Washington; Leo A. Shinn, Chemical Society ¢ 
Washington; Carl F. W. Muesebeck, Entomologied 
Society of Washington; Alexander Wetmore, \s 
tional Geographic Society; Louis W. Currier, Ge. 
logical Society of Washington; Frederick 0. Cx 
Medical Society of the District of Columbia; (ilber 
Grosvenor, Columbia Historical Society; L. Edwi 
Yoeum, Botanical Society of Washington; Willian 
A. Dayton, Washington Section of the. Society 0 
American Foresters; Frank B. Scheetz, Washingto 
Society of Engineers; Francis B. Silsbee, Washingt 
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neers; Walter Ramberg, Washington Section of tle 
American Society of Mechanical Engineers; Mani 
Mollari, Helminthological Society of Washington 
Chester W. Emmons, Washington Branch of the S- 
ciety of American Bacteriologists ; Clement L. Garner, 
Washington Post of the Society of American Militar 
Engineers; Herbert Grove Dorsey, Washington Se: By 
tion of the Institute of Radio Engineers; Owen }& 
French, Washington Section of the American Society 
of Civil Engineers. The elected members of tht 
Board of Managers for a term of three years are Mat 
A. McCall and Waldo L. Schmitt. 























International News 
















CAtion— 

Yd. Oy 

Teleph B Ross G. Harrison, Sterling professor of biology, students had to bring with them ‘every day a liter of 
UM of ™ Yale University, and chairman of the Na- distilled water bought at a high price in the town. 

Mery Ay : Research Council, has been elected foreign asso- During the bombardment by the allied forces (ac- 
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» of the Académie de Médecine, Paris. 


). Bernard E. Read returned in March to Shanghai 
ake up his duties as the newly appointed director 
the Henry Lester Institute of Medical Research, 
g Avenue Road, Shanghai. In spite of the war, 
library of this Institute is intact but now lacking 
American journals published since December 1941. 
Institute would appreciate gifts of these journals 
of any other medical publications made during the 


tary ¢ * years. 

Liscusey 

e Arm. E. A. Kreiken, one of the Netherlands astrono- 
n Noms on Java, has written recently to Dr. Bart J. 










k giving further details about the suffering of Indo- 
ia, A recent issue of Science (1945, 102, 642) an- 
unced that Dr. Aernout de Sitter, director of the 
sscha Observatory at Lembang, and Dr. Chr. W. 
atin had died in Japanese prison camps, and that 
r. J. Utterdijk was lost in the sinking of a trans- 
rt. This is confirmed by Dr. Kreiken, who adds 
at Dr. G. V. Simonow and Mr. Witlox, both of the 
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1] Sfsscha Observatory, have also died in captivity. 
‘ociegmmne only two survivors of the seven Dutch astrono- 
sty i rs on Java are the former director of the Bosscha 
opied bservatory, Dr. J. G. E. G. Voiite, and Dr. Kreiken. 
‘\, MM Dr. Kreiken states that the Bosscha Observatory 
(jo.fqmmes beyond the narrow, so-called “protected” zone 
(yy fearound Bandoeng. It has been impossible for him 
Ibex obtain information about its condition, but he is 


pt hopeful. Dr. Kreiken’s own library was totally 


stroyed when his house in Soerabaja was burned. 
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| Dr. H. L. Booij, Laboratory of Medical Chemistry, 


ti) 

i) [eeevden (Willem Warnaarlaan 9, Sassenheim, Neder- 
“a : . 4 : 
ni wud), is greatly interested in all papers concerning 


the pplications of physical chemistry in biology and 


Medicine. He has available some reprints of his 
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| Dr. Ferdinand Schoofs, professor of pharmacy at 
er, 4 ‘ . . -% 

pHe School of Pharmacy, University of Liége, Bel- 
1 : 
y fe who spent some time at Yale in 1927, writes to 
B PLlilford S. Leonard, of the University of Vermont, 
‘Bas follows: 
i" 
j rhe University of Liége remained open all the time 
a Of the war, but our laboratories were working in very 


a ad conditions: want of coal, of gas, of light (black- 


But 


, Of chemicals, and even of distilled water. The 
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27 


cepted with the hope of approaching liberation) and 
later on during the period of robots (V-1 and V-2) 
thrown by the Germans, we passed several dangerous 
hours in the shelters. During the months of December 
1944 and January-February 1945 I was living and 
sleeping in the cellar of my home; I received there 
several students for their examinations. But this dan- 
gerous period is now over and we try to forget it; 
but what we shall never forget are the cruelties of the 
Teutons, 

We are thankful to the allied forces and especially 
to the Americans, our liberators. Indeed the Americans 
delivered Liége in September 1944. On this occasion 
I met here several American professors, for instance Col. 
Gates of Ann Arbor. I received several times at my 
home a young and sympathetic assistant professor, 
Capt. Gordon of Columbia University; he kindly accepted 
my request that he lecture to my students concerning 
research on the estimation of alcohol in the blood, 

I have been very busy the last years, but now I attain 
the age limit (70 years); from the beginning of 1946 
I am emeritus, legally obliged to rest, but feeling myself 
still healthy, I shall try to keep on working as long as 
possible, but no more doing any compulsory work... . 


Dr, Pitirim A. Sorokin, professor of sociology at 
Harvard University, has been elected a foreign mem- 
ber of the Royal Academy of Science of Belgium in 
the class of the political and moral sciences. The 
honor was granted at a recent meeting. Dr. Sorokin 
is a native of Russia, where he was a member of the 
faculty of the University of St. Petersburg, and has 
been at Harvard since 1930. 


Prof. Dr. M. Minnaert, director of the Observatory, 
Utrecht, Holland, in a letter dated 26 November 1945 
to Dr. A. H. Rosenthal, of the Seophony Corporation 
of America, tells of his being in a hostage camp near 
s’Hertogenbosch from 1942 to 1944 and of the diffi- 
culties encountered in obtaining food during the winter 
of 194445. In March 1945, the Germans invaded the 
observatory, removing everything from the workshop 
and emptying nearly all of the buildings. They did 
not take away instruments or books, nor did they have 
time to destroy the machines. 
three times as many students as normally, but there is 


At present there are 


a lack of books and instruments; these cannot be pur- 
chased abroad because Holland cannot make available 
any foreign exchange for this purpose. Just before 
the start of the war the Photometrical atlas of the 
solar spectrum was published. Further, Dr. Houtgast, 
working on the Fraunhofer lines, has shown that the 
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displacement is noneoherent. Mr. H. C. Van de Hulst 
studied the light-scattering on small globules of some 
wave lengths extension, while Dr. Minnaert has exe- 
cuted the detail photometry of the moon according to 
the reciprocity law. 


The 112th annual meeting of AAAS has come to 
a close. The meeting was held under great difficulties 
in the overcrowded city of St. Louis, but some 2,300 
people were finally registered, and attendance at at 
least one of the evening lectures approximated 3,500. 

The official business of the Association was finished 
at a meeting of the Council called for 4:00 P.M. on 
Friday, 29 Mareh. Dr. J. B. Conant was in the chair, 
and approximately 35 Council members were present. 
Several reports were received from the Executive 
Committee, and the usual last-minute resolutions were 
introduced. It was announced that the next meeting 
is to be held in December at Boston. 

The affair contained one item of more than gen- 
eral interest, because at the request of Dr. Arthur 
Compton, Dr. Conant outlined the new plan for inter- 
national control of atomic energy which had been an- 
nounced to the press the night before by the State 
Department through Secretary Byrnes. The report 
proposes a new method of energy control through the 
production of nonexplosive or denatured materials 
which would be the output of atomic energy plants in 
the various countries. At one stage in the process of 
manufacture, according to President Conant, the ma- 
terials would be dangerously explosive, but it was felt 
that these materials could not be surreptitiously stored 
or diverted to the manufacture of high explosives 
without knowledge of the controlling authority. The 
basis of the new plan seems to hinge on the adequacy 
of the denatured materials which are to be the output 
of the plants. The denatured materials are practically 
irreversible into dangerous elements because compli- 
eated manufacturing plants and an enormous per- 
sonnel would be required to accomplish this end. 

The entire issue of Science for 26 April will be 
devoted to summarizing the scientific papers and re- 
porting the business accomplished at the St. Louis 
meeting. 


The International Council of Scientific Unions will 
meet in general assembly in London on 22-24 July 
1946. Meanwhile its Executive Committee has held a 
meeting in London attended by representatives of 
most of the International Unions adhering to the 
Council. In weleoming the Committee at its opening 
session Dr. A. V. Hill, foreign secretary of the Royal 
Society, pointed out that science in its own interest 
must remain an international concern and that the 
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future of civilization itself depends upon the « 
cooperation of scientific men throughout the rel 

The heavy toll of recent years on those pron 
in the field of international science was revele 
the list of members of the Committee who had j 
since its last meeting: I1 Marchese Mareonj and B 
Joji Sakurai, vice-presidents; Sir Arthur Eddinot 
president of the International Astronomieca| Uni 
Prof. Nicola Parravano, president of the In 
tional Union of Chemistry; Sir Albert Seward, ote 
dent of the International Union of Biology. } 
Philippson, general secretary of the Internatig 
Union of Physies; and General Bourgeois, {op, 
vice-president, representing the International ),; 
of Geography. 

The President of the Council, Prof. C. Fabry, y 
has since died, had been compelled to resign oy, 
count of ill health, and Dr. H. R. Kruyt was ely 
vice-president in his place. 
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The Entomological Society of British Columbia} 
its Forty-fifth Annual Meeting at Lytton, B. C,, on] 
February. The following officers were elected 4 
1946: A. W. Finlay, New Westminster, honor 
president; G. R. Hopping, Vernon, president; M,} 
Hatch, University of Washington, Seattle, vice-prg 
dent (Coast); J. D. Gregson, Kamloops, vice-pre 
dent (Interior); H. B. Leech, Vernon, sceretay 
treasurer; W. G. Mathers, Vernon, auditor; andj 
Andison, Vernon; G. P. Holland, Kamloops; J. 8. 
L. Jones, Cobble Hill; J. Marshall, Summerland; aj 
G. T. Mockridge, Cloverdale, advisory board. 
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A new 


Oxford University has accepted a collection of boi 
on ethnology from the library of the late Dr. R. ig 
Marett, and also a grant of 1,200 pounds from ty 
British Empire Cancer Campaign for chemical w 
searches in the Dyson Perrins Laboratory relating ti 
carcinogenic hydrocarbons, oestrogenie agents, ani! 
differential growth inhibitor, 500 pounds of the grat 
to be earmarked for the provision of a special 
paratus, and the remainder for the provision of fe 
and laboratory expenses for two research assistant 


Col 


DIS: 
Gen. Georges Perrier, 74, died at his home in Pari 


in February 1946. For many years Gen. Perrier wi 
General Secretary of the Association of Geodesy 0 
the International Union of Geodesy and Geophysit 

This work is now being carried on at the former # 
dress, 19 Rue Auber, Paris 9°, by P. Tardi, “Secrétair 
Adjoint.” Gen. Perrier was a member of the Frent 
Academy of Sciences. In the early years of th 
present century he was the leader of geodetic expel! 
tions in South America, North Africa, Albania, avi 
Syria. 
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we : ‘We, the preparation of fine pigments for examination 
e electron microscope it is often difficult to break 
ary | t the smaller aggregates of the material. Where 
% s desired to resolve the ultimate particles in the 
ss cle ograph, a considerable amount of work must be 
~"BBted upon the pigment. 

{small portion of pigment, oil, and plastic are gen- 
‘bia My placed upon a flat glass plate, and a hand 
Cy Omer is used to press and grind and thus disperse 
‘ted MB powder in the matrix. From a solution of the 
On0rafim™ture a thin film is east upon water and forms a 
; M. WiMport for the included pigment particles (1). Some 
-Drei@er aspects of the technique involving solvents and 
¢-preim™ wetting of pigments have been deseribed (2). 
Telangm™|n the mulling of fine-particle pigments such as 
and HlMbon black the aggregates remain unbroken in the 
. R. between the muller and the glass plate. 
d; aA new mechanical vibrating muller (Fig. 1), greatly 

reases the work exerted upon such a pigment mix- 
boo 
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Fig. 1 








te. It consists of a 110-volt A.C. electromagnetic 
bbrator unit, to which is attached a hardened steel 
ulling head. The mulling head is very slightly con- 
x so that more perfect contact with the glass plate 
. obtained. The vibration occurs in an are with the 
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mulling head shaft as its radius. A handle on the 
vibrator unit permits hand-mulling concurrent with 
the vibrating effect. 

The use of this device results in greatly increased 
work upon the pigment through direct contact and 
through the transfer of energy by vibrations in the 
matrix. By this method the time and effort required 
to disperse ultimate particles is substantially de- 
creased. 

References 
1. FuLier, M. L., BrRuBAKER, D. G., and Bercer, R. W. 


J. appl. Phys., 1944, 15, 201. 
2. O’BRIEN, H.C. J. appl. Phys., 1945, 16, 370. 


A Note on the Silencing of 
Air-stirring Motors 


W. H. EBERHARDT 
California Institute of Technology, Pasadena 


Air-stirring motors are often viewed with dispar- 
agement in the laboratory because of the rather large 
amount of noise which attends their use. This noise 
may be traced to four sourees: (1) that arising from 
the turbulent discharge of air from the compressed 
air lines into tubing connecting with the motor; (2) 
that due to air rushing through the pipes and the 
connecting tubing; (3) that inherent in the use of an 
air motor, #.e. bearing noise and the clear tone of 
audio-frequeney which is associated with all turbines; 
and (4) that resulting from the air rushing out of 
the small eseape ports generally provided in the flat 
surface on top of the motor. Of these sources, the 
first and fourth are by far the most important because 
of both the intensity and the raucous character of the 
noise arising from them. The devices suggested here 
have been found very useful in reducing to a very 
large extent the noise from these two sources. The 
second and third sources enumerated are of smaller 
importance, but their contribution to the total noise 
may be minimized by suitable choice of connective 
tubing and by judicious oiling. 

The noise associated with the discharge of air 
through a regulating valve from the compressed air 
lines into the connecting tubing may be reduced 
greatly if the air flow is controlled not by this valve, 
but rather by a screw clamp operating on the tubing 
a few inches from its junction with the air line. If 
the air is supplied at high pressure, it will probably 
be found necessary to wire the tubing onto the outlet. 
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It is thought that the procedure suggested here is 
effective because the turbulence resulting from the dis- 
charge of air under a high-pressure gradient at a 
sharp corner is eliminated and replaced by laminar 
flow past the constriction caused by the screw clamp. 

The source of sound waves in connection with air 
discharged through the escape ports is undoubtedly 
the sharp edges of these ports. If the edges could 
be rounded and their radius of curvature increased, 
the noise would probably be reduced greatly. How- 
ever, such a process is not generally desirable because 
it effectively requires reconstruction of the motor. 
The same end may be accomplished by clamping over 
the motor a small glass funnel, the diameter of which 
is less than that of the top of the motor but is suf- 
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Letters to the Editor 








Safeguarding Science in the NSF 


The great interest of scientists in the various bills 
proposed to support scientific research is amply reflected 
in the continuing articles in Science. 

It seems to me that scientists must not lose sight of 
the fundamental values in such appropriations. They 
will be valuable directly in proportion as they are valu- 
able for research that is genuinely an effort to seek after 
the truth. They will become less valuable, and may 
even become a menace, if they are not protected at the 
outset so that the unvarnished truth may be sought 
after and properly published in the scientific journals 
now available for that purpose. 

The history of all federal appropriations for educa- 
tional research must be carefully scrutinized. There 
have been instances where funds for such purposes have 
been deliberately utilized for the production of propa- 
ganda to support the program of a given bureau or of 
a bureaucrat. Such utilization of funds will be con- 
demned by all true scientists wherever they are. 

One of the questions seems to be whether or not it 
is not better to obtain the money first and set up the 
safeguards afterward, and the rather competent state- 
ment is made that there is a certain amount of politics 
in connection with all funds available, whether it be 
within the great privately controlled research institu- 
tions or whether it be in public-supported research insti- 
tutions. However, it is my opinion that it is very much 
better at the outset to put up every available safeguard, 
even at the risk of losing the appropriation, than it is 
to attempt to set up these safeguards after the bill or 
bills are written and entrenched interests established. 

One has only to look at the ludicrous findings of the 
so-called ‘‘fact-finding boards’’ in instances already 








































ficiently large to permit the funnel to covey the eciimmeenlY ‘ 
ports. The 24-in. funnels generally available jp } advanced 
ical laboratories have about the correct diametemm” ” vi 
that they fit readily over the top of the moto, wea 
may be held in place by many simple devices, ae 
length of the stem is not critical; a very shoy, . t] 
seems to be as satisfactory as a long stem and; Jn 
tainly much less in the way. The device presum, p Const 
depends in its operation upon minimizing the yl” Bere | 
tion oscillations from the eseape ports, deadenin filme” en 
sound resulting from the oscillations which i ee 
and avoiding further oscillations by discharging ce thr 
air at a smaller rate and in a state more nearly 
proaching laminar flow. Little or no effect upon eee 
efficiency of the motor has been observed. ong : 
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diverse industries. The layman ean only look at 
figures and say the fact finders were told what to fy 
The same sort of figures have been reported in the pn 
in regard to what constitutes a sustaining dict for « 
people, and then the figures and results reported inj 
cated that a large portion of the American citizens ci 
not obtain a sufficient diet. An actual examination 
the basis for the figures indicated rather clearly that 
very large portion of our citizens had bad eating habit 
but such a conclusion did not support the purpose 
the interested bureaucrats. It must be evident tod 
scientists that this sort of thing is a waste of pull 
funds and would become undesirable from the standpo 
of scientists themselves. 


1515 Sedgwick Street, Chicago 
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On the New Kilgore-Magnuson Bill—S. 1850 
The new Kilgore-Magnuson Bill /S, 1850) inevital 


he A 
is disappointing to anyone who believes in the efi q 
of the democratic tradition as accepted in this county tc 


It concentrates power in the hands of too few persili 
It does not derive its authority from the ‘‘scientil 
people,’’ great and small. Its great defect is the «# 
with which it can lead to regimentation. The Admits 
trator provided in this new bill, together with the Boal 
appointed by the President, and the Committees whit of t 
the Administrator appoints, will be exercising pov mi 
without the consent of the governed. These are the m “ 
and women who actually do the work and who alone “R414 
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r the ently close to the thinking which underlies scien- 
Ile in 1 advance. No good can come from excluding them 


. the operation of a scientific organization. This 
attempts to legislate into existence a profoundly 
ying set of administrative devices. 

| pill, in order to be acceptable, should contain as a 
imum, the following provisions: 


Liametey 
Motop 
Vices, 
Short 3 


aNd jg 
| , Constituent Assembly should be called by the Presi- 


it, consisting of representatives, selected by the Presi- 
4, from the various forms of institutions of learning, 
eges and universities, research institutes, industrial 
, lay and military, 


Tresy ng 
he rel 
lening 


h rp 
i. pratories, and government services 


rging sting throughout the country. 
early 


up recommendations to the President should issue from 
On 


» deliberations of this Assembly and its appropriate 
nctional committees, including primarily nominations 


a responsible Board of Directors. 


The Board of Directors should be appointed by the 
esident from among the nominees, with the consent 
d advice of the Senate. This Board should have the 
wers usually exercised by such Boards in nonprofit 
mbership corporations. The Members of this Board 
ould devote as much time to the Corporation as may 
necessary to its proper functioning and the carrying 
uld gmt of its objectives. The Board should formulate its 
iS ayn rules of procedure. The Board should be respon- 
cal @mmmble at all times to the ‘‘ Scientific People;’’ represented 
at ge an Assembly of Members, which should succeed to the 
to fnjmmnthority of the Constituent Assembly. 

e pref The functions of the Board should include: 

OF Of (1) Carrying out the policies of the Corporation. 

1 inj (2) Recommending to the President, for his choice, 
| colfimendidates to serve as Administrator. The Administra- 
br should be responsible to the Board and see to carry- 
hg out the purposes of the Corporation. 

(3) Appointing the Members of the Scientific Com- 
hittees, on the advice of the Administrator, the Commit- 
Pes appointing their own Chairmen. 

(4) Making appropriations and grants and appointing 
‘llows and scholars on the recommendation of the Scien- 
fic Committees, and in accordance with regulations 


hade by the Board, with the advice of the Scientific 
a ommittees, 
























4 ALFRED E. CoHN, Member Emeritus 
gp ockefel ller Institute for Medical Research 


dhe Amino Acid Composition of Proteins and Foods 

| H. B. Vickery and H. T. Clarke (Science, 1945, 102, 
94-456) have questioned the practice of computing the 
Pesults of amino acid determinations upon a uniform 
Mpasis as employed in our monograph (The amino acid 
Po™position of proteins and foods. Springfield, Il.: 
 C, Thomas, 1945). 


Four or five years ago, when contemplating the writing 
of this monograph, the various methods for presenting 
/mino acid data were discussed with a number of work- 


»*'s in the protein field. 


| Beuthors? 


The easiest method, from the 
point of view, would have been to copy the data 
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in the literature and to present the figures as per cents 
by weight of substance analyzed in some cases, as amino 
acid nitrogen in per cent of total nitrogen in others, 
or as per cent by weight corrected for ‘‘moisture’’ and 
‘fash’? in others, etc. A second method would have 
been to caleulate all the data as amino acid nitrogen in 
per cent of total N. Although this procedure is useful 
for many purposes, we did not consider it as suitable for 
a monograph designed primarily for food chemists. A 
third method, used by Murrill, et al. (J. biol. Chem., 
1940, 133, 521), appeared to be most suitable for our 
objectives. 

How intelligible would the first procedure be to the 
average person whom we believed would use this mono- 
graph? It would impose a considerable burden on those 


‘who wished to compare the results by a number of in- 


vestigators on the same protein. For example, amino 
acid values of casein may be given by one investigator 
as per cent of a sample of commercial casein as analyzed 
(N=13.6 per cent); by another, as per cent of the 
casein corrected for ‘‘moisture’’ and ‘‘ash’’ (N=14.9 
per cent); a third author may hydrolyze a sample of 
casein and then calculate the quantity of ‘‘pure’’ 
used from a nitrogen determination on the hydrolysate, 
taking 15.7 as the per cent of nitrogen in casein; ete. 
In order to facilitate comparison of analytical data 
on the same protein by different investigators, we chose 
an extension of the third method of presentation, 
namely, calculation of all values to 16 per cent of N. 
In an attempt to prevent any misunderstanding of our 
purpose, the original nitrogen values upon which the 
ealeulations rested are presented in all except a very 
few instances, and even in these cases the reasons are 
explained in the text. Furthermore, repeated examples 
of how the data in the tables are to be used are given. 
For instance, on pages x and xi of the Introduction we 
say: ‘‘As all the data in the tables are calculated on 
the basis of 16 percent of nitrogen, it is only necessary 
to know the nitrogen content of the protein in order to 
caleulate the data in the tables to give the approximate 
amino acid composition of the preparation. If the pro- 
tein contains 18.6 percent of nitrogen on a moisture and 
ash free basis, then the values in the proper table are 


casein 


multiplied by the factor oT) we 
are also given here and throughout. 

This type of presentation was repeatedly tested before 
publication by presenting papers containing these e¢al- 
culations at protein symposia such as the American 
Chemical Society at Cleveland, the Cereal Chemists Meet- 
ing at Minneapolis, the Gibson Island Conferences, and 
a half dozen other meetings and seminars, as well as by 
the distribution of much of the data to government 
agencies and groups interested in food chemistry. At 


Other examples 


no time was any adverse criticism made of the manner 
of presentation, 

Our monograph was designed primarily to present to 
the food chemist the widely scattered literature on the 
methods and results of protein analysis in the most use- 
ful and practical form. We have sincere doubts concern- 
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ing the advisability of presenting original data only in 
this type of monograph. While, if each table had been 
devised on the basis of a currently accepted value of 
nitrogen of a pure protein, then it would have been 
incumbent on the food chemist to make the conversion 
to the factor he was using for estimating the protein 
content of the diet. The factor is almost always 6.25. 
We felt that the protein chemist was equally prepared to 
perform the reverse calculation. It is quite true that 
many arguments against this practice may be presented, 
including those stated many years ago by Kossel, the 
venerable nature of whose views does not necessarily im- 
part increasing force. The fact remains that ‘‘N x 6.25’’ 
is not only almost universal, but it is incorporated into 
the food and feed laws of almost every state in the 
Union, Almquist (Nutritional Conference, Oregon State 
College, March 1945) said in this connection: ‘‘ While 
it has been shown that this conversion factor differs 
from 6.25 for certain single foodstuffs, the fact that 
they are ultimately mixed and accounted for in pre- 
pared feeds on the basis of a 6.25 protein factor is 
ample justification for retaining this factor.’’ 

Although we used the Nx6.25 calculation in this 
monograph, we repeatedly mentioned its limitations and 
certainly did not advocate it as a general practice in 
protein chemistry. In fact, in two tables on the amino 
acid composition of selected plant and animal proteins, 
prepared by one of us for a recent textbook (Kleiner’s 
Human biochemistry. St. Louis: C, V. Mosby, 1945), 
only the industrially important corn gluten, wheat gluten, 
soybean proteins, and yeast proteins are calculated to 
16.0 per cent of nitrogen. The remaining 14 proteins, 
being considered purified products, are given on the 
basis of the best available nitrogen values. 

Thus, the so-called calculation error is nullified when 
the amino acid values are employed in the manner which 
we designated. However, because the amino acid data 
could be misconstrued, in spite of the precautions taken, 
we contemplate presenting the data in the forthcoming 
revision of this monograph as grams of amino acids per 
16 grams of nitrogen in the sample. It is hardly neces- 
sary to point out that the actual values given and the 
mode of calculation to purified proteins or crude food- 
stuffs remains unchanged. 

R. J. BLock 
New York Medical College 
Flower and Fifth Avenue Hospitals, New York City 

D, BOLLING 
Cooper Road, Scarsdale, New York 


Amino Acids in Food Materials 


R. J. Block and D. Bolling’s recent publication (The 
amino acid composition of proteins and foods. Spring- 
field, Ill.: Charles C, Thomas, 1945) contains 14 tables 
presenting the amino acid content of a variety of ‘‘pure’’ 
and mixed proteins from animal and plant sources. The 
percentage of amino acids in these proteins is uniformly 
ealeulated from an assumed 16 per cent of nitrogen in 
each protein. Of course, the usual procedure was fol- 
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lowed of determining the nitrogen in the Materia 
be examined and then multiplying by 6.25 for conye 
to protein. ) 

This procedure of stating the amino acid Content 
the protein has recently been sharply criticize by f 
Vickery and H. T. Clarke (Science, 1945, 102, 454, 
They argue that since the nitrogen conversion factor 
casein, edestin, and a very limited number of protd 
is known, such factors should have been used and ,, 
uniform factor based on 16 per cent of the nitrogen 
the protein. Surely they are correct in insisting thy 
nitrogen-to-protein conversion factor, when defi 
known, should be used. But, how many proteins, 
known nitrogen content, have been isolated in a y 
ciently pure state to make possible the erectig, 
extensive tables on the amino acid content of prota 
or foods? Not many, as compared with the numbe 
foods and feeds. 

In nutrition we are interested in the amino acid ¥ 
tribution in the foodstuff itself, such as wheat, mg 
milk, eggs, ete., and not in the amino acid content 
single protein constituent of the foodstuff, except 4 
fundamental studies in protein chemistry. 

Consequently, Block and Bolling could do little gj 
than follow the method they used, especially since th 
included in the tables such complex protein mixtures ; 
tankage, meat scraps, fish meal, feathers, liver, gry 
yeast, oats, linseed meal, ete. There are no accurate y 
even proposed conversion factors for such complex pn 
tein mixtures, 

Historically, Armsby once proposed the term ‘‘try 
protein’’ of feeding materials for the basis of deta 
mining the protein requirement of animals. He did thig 
because it was known that there existed in plant material 
considerable unorganized nitrogen, assumed to be @ 
non-nutritive value. The Agricultural Chemist measur 
the ‘‘true protein’’ of a feeding material, by the w 
of Stutzer’s reagent, a copper compound supposed 
effective as a precipitant of all protein nitrogen. Sui 
a procedure is no longer followed. Yet, if one conver 
the nitrogen of an alfalfa hay to protein by the use 
the conventional factor of 6.25, he must realize the gros 
error involved. There is no conversion factor for nit 
gen to protein in food materials that is at all uniform) 
or even approximately reliable. 

With this situation, what can be done? Adopt tl 
plan of expressing the amino acids of a food or a fet 
material as per cent (1) of the dry material or (2) 0 
the dry, fat-free material. We do this today for mal) 
constituents such as calcium, magnesium, ete. No %# 
tempt is made to express such constituents as per Cll 
of the ash or of the complexes in which they exist. Us 
the weight of the free amino acid and not the anhydrite 
When the amino acid content of a food is expressed 0 
the dry basis, it would be desirable ,to have the analysi 
accompanied by the amount of fat in the sample, esp¢ 
cially for those products such as meat, where the ft 
content is extremely variable. These are the preferrel 
methods. Or, (3) express the amino acids of a fo0l 
or a feedstuff as per cent of the total nitrogen eithe 
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on a fat and water-free basis or as the material occurs. 
Again use the weight of the free amino acid and not 
its anhydride. This procedure is in part a reversion 
to the elemental system so far as nitrogen is concerned, 
such as is now used for calcium, magnesium, potassium, 
phosphorus, ete., in food materials, 

At one time most of these elements were expressed as 
the oxides such as K,O (potash) for potassium and 
P,O. (phosphoric acid) for phosphorus. The ‘‘oxide 
system ’’ is still in vogue in the fertilizer industry except 
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for trace elements and nitrogen. But surely the 
tion of the elemental system for foodstuffs Was R 
gressive step. 


, gurvd 
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pations 


Such a procedure as is proposed under (3) still , facts 
absolute accuracy due to the fact that not 4) of gtomie 
nitrogen of a food material is of known nutritiy, > ak 
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One world or none: a report to the public on the full 
meaning of the atomic bomb. Dexter Masters and 
Katherine Way. (Eds.) New York: Whittlesey House, 
McGraw-Hill, 1946. Pp.x +79. (lllustrated.) $1.00. 


Since the publication of the Smyth report this book 
is perhaps the most significant which has appeared on the 
subject of the atomic bomb. It is a collection of skill- 
fully edited articles written by the men who laid the 
scientific foundations on which the bomb was constructed ; 
by the men who built the bomb; by those who were the 
official War Department inspectors of the destruction 
wrought by the bomb; by those who realize its implica- 
tions for the world—in short, it is written by those who 
know about the bomb. Those of us who wish to live out 
our years in this world, who want some assurance that 
our children will also live out their years, can do no less 
than to listen to these men and ponder the message they 
carry. 

Who are the authors of this significant book? Niels 
Bohr, A. H. Compton, H. H. Arnold, Hans Bethe, E. U. 
Condon, Albert Einstein, Irving Langmuir, Walter Lipp- 
mann, Philip Morrison, J. R. Oppenheimer, Louis Ride- 
nour, Frederick Seitz, Harlow Shapley, Leo Szilard, 
Harold Urey, Eugene P. Wigner, Gale Young, and the 
Federation of American Scientists. They are the men 
who know. 


What do they tell us, these men who know? Philip 
Morrison, one of the official War Department inspectors 
begins the book by giving a grim picture of the damage 
done at Hiroshima, and he speculates on the basis of 
observed facts about the damage a similar bomb might 
do in New York. Harlow Shapley, Harvard astronomer, 
next proceeds to discuss atomic energy as it operates in 
the sun and stars, thus providing a basis for under- 
standing man’s efforts to release this energy on earth, 
Ek. P. Wigner discusses the roots of atomic energy, ex- 
plaining what atomic energy is and how it operates in 
a bomb, and Gale Young tells about the industrial pos- 
sibilities of atomic energy. 
who directed the actual building of the bomb writes about 


J. R. Oppenheimer, the man 
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it as ‘‘the new weapon’’ and points out that ‘‘the rolp 
of atomic energy constitutes a force too revolutionary 
consider in the framework of old ideas.’’ Gen. I 
Arnold, former chief of the Army Air Forces, presy 
a sobering picture of air power in any future war, 4 
chapter is followed by what the present reviewer belie 


to be one of the most important sections in the book, it m 
is by Louis Ridenour and is entitled: ‘‘There is no Mors ti 
fense.’’ As a member of the famous Radiation Labog ort! 
tory of the Massachusetts Institute of Technology, le MM. orn 
perhaps best equipped to discuss the problem of def) .oar: 


against an atomic bomb. After reviewing the facts,| 
conclusion is brief and to the point: THERE Is No) 
FENSE. E. U. Condon continues in a chapter on ‘'] 
New Technique of Private War’’ by outlining the # 
creased possibilities opened to the saboteur and thie aga 
provocateur. If the reader raises a skeptical eyebrow,| 
is reminded that the authors of this book are serio 
scientists and not writers of scientific fiction. 
Frederick Seitz and Hans Bethe attempt an estima 
of how close is the danger of atomic warfare and wa 
that it is much closer than we dream. Irving Langmu 
lucidly outlines the stages in an atomic arms race and tl 
alternatives to such a race. He points out that we ca 
and must, find a basis for amicable living with Rusu. p 
and is in favor of stopping the production of atomHient: 
bombs and dismantling the plants which produce them {ey 
these steps will insure peace. re) 
Harold Urey assumes the mantle of Jeremiah when ies 
asks the question (and it is far from a rhetorical one): 
‘<How Does It All Add Up?’’ He concludes that ‘‘it 
adds up to the most dangerous situation that humanity 
has ever faced in all history.’’ the 
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Leo Szilard raises tt 
problem of whether an atomic arms race can be avertel 
by an inspection system, and Walter Lippmann examite 
the question of the international control of atomic energ!. 
Albert Einstein points a way out—a way he feels is tl 
only course, that of vesting military power in a worl 
state. Finally, the Federation of American Scientists 
in a summary of the issues, warns that survival is at stakt 
and issues a clarion call to action. 
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Cly the g , survival is at stake—not merely personal and 

S Was a ual survival but the survival of our nation, of 
jations, and of civilization itself. 

3) stiy » facts assembled in this book provide a vision of 







atomic energy can do in a world which uses it for 
netive and peaceful purposes. But these same facts 
t to the inescapable conclusion that while ‘‘the na- 
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of the world can have atomic energy and much more, 





















gnnot have it in a world where war may come.’’ 
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Royal Society 1660-1940: a history of its administra- 
m under its charters. Sir Henry Lyons, F.R.S. Cam- 
idge: At the Univ. Press; New York: Macmillan, 
m Pp. x + 354. (Out of print.) 

s the late Sir Henry Lyons has stated in his Intro- 
ion, this is not the complete history of the Royal 
jety: ‘‘ This account of the way in which the Society 
ied on its business at different periods will provide 
groundwork for a fuller discussion of its influence 


the rely 
tionary 


en, . ° e 
Hh he advancement of science; it also records the con- 
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ons under which the more eminent of its Fellows 
ried out their researches and discoveries. The com- 
e history of the Society has not yet been undertaken, 
it may well require the united efforts of several 
kers to deal with so wide a field of activity.’’ 


book, } 
IS nog 


Labo, 4 e . es 
evertheless, this book contains a surprising amount 


information about the origin of the Society and the 
) years of science in England since its establishment. 
ny interesting sidelights of scientific history are in- 
spersed between the discussions of the financial prob- 
organization of the Society 
ich are its principal concern. It is amusing to learn, 
that the Royal Society accused of 
ing sides with the American colonists during the 
volution because it advocated the use of Benjamin 
auklin’s pointed lightning rods, and that the King 
mself tried to persuade the Society to rescind its 
olution. 
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Although the original founders of the Royal Society 
re mostly scientists who met for the purpose of eriti- 
lly examining new discoveries and theories, the scien- 
le purpose of the Society was often lost sight of, and 
entists were actually the minority until 1860. 
en Samuel Pepys was president (a good one, to be 
fre) during the two years when Newton’s Principia 
as being published. Ineidentally, it was Sir Isaac 
etwlon, first man of science to be knighted, who was 
Msponsible for the fact that the Royal Society now meets 
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PSYCHOSOMATIC 
DIAGNOSIS 


Pioneer work pushing back the frontiers of medi- 
cine .. . indicating the relation of psyche and soma 
in the most important disease syndromes. Fland- 
ers Dunbar’s clear, well-organized volume, result 
of a 12-year study at Columbia, is fascinating read- 
ing as well as a long-time useful reference. 


8rd printing, 760 pp., $7.50 


EXPERIMENTAL BASIS 
FOR NEUROTIC BEHAVIOR 


This unique new study by W. Horsley Gantt of 
Johns Hopkins reports on a painstaking original 
experiment — demonstrating and measuring emo- 


tional, conflict-induced, disorders and neuroses in 
dogs. Basic, significant material on experimental 
psychology. 


227 pp., illus., $4.50 


DEVELOPMENTAL 
DIAGNOSIS 


In this eminently readable, abundantly illustrated 
volume is offered the practical fruit of thirty-five 
years of basic research in child development at the 
famous Yale Clinic. The normal pattern of child 
behavior growth, normal deviations, and abnormal 
mental development are clearly described in clini- 


eal detail. 


460 pp., 116 illus., $6.50 
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Peduesdays (the Society ’s original meeting day) during 
4 first years of his presidency. Despite the presiden- ! 
. of such well-known men of science as Newton and 1 
, ' Joseph Banks, the Royal Society was more of a \ 
g al than a scientific institution until the middle of 
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change, and it is something of a shock to learn that 
the uncomfortable benches in use for generations were 
not replaced until 1939, when ‘‘others of modern type 
more suitable for meetings which lasted long and de- 
manded the close attention of the audience’’ were in- 
stalled. 

As treasurer of the Royal Society for many years, 
Sir Henry Lyons had access to its records and was well 
qualified to write its administrative history. The great 
wealth of information in this book concerning the finances 
and administration of the Royal Society make it par- 
ticularly useful to specialists in the history of science. 
Inasmuch as there has been no comprehensive history of 
the Society for a hundred years, the book should also 
be of interest to those who are not specialists for it is 
much more than a treasurer’s report. Each chapter has 
a useful short bibliography and there is an excellent 
index. It is to be regretted that this book was published 
in such a small edition that it is already out of print. 

JOEL W. HEDGPETH 
Game, Fish and Oyster Commission 
Rockport, Texas 


B-Chloroethyl Amines and Sulfides 
(Continued from p. 415.) 


References! 

1. KrumBHaAar, E. B., and KkRuMBHAAR, H. D. J. med. 
Res., 1919, 40, 497. 

2. PAPPENHEIMER, A. M., and VANCE, M. J. exp. 
Med., 1920, 31, 71. 

3. Fuury, F., and WIELAND, H. JZ. ges. exp. Med., 
1921, 13, 367. 

4. WaARTHIN, A. S., and WELLER, C. B. The medical 
aspects of mustard gas poisoning. St, Louis: 
C. V. Mosby, 1919. 

5. LyncH, V., SMiTH, H. W., and MaArsHALL, E. K, 
J. Pharm. exp. Therap., 1918, 12, 265. 

6. MuntscH, O. Klin. Wschr., 1934, 13, 482, 529. 

7. Mater, G. Z. ges. exp. Med., 1938, 103, 458. 

8. Drews, M. Z. ges. exp. Med., 1939, 105, 29. 

9. BERENBLUM, I. J. Path. Bact., 1935, 40, 549. 

10. FREUNDLICH, H., et al. Z. phys. Chem., 1911, 76, 


79; 1912, 79, 681; 1922, 101, 177; 1926, 122, 39; 
1933, 166A, 161. 

11. Sotomon, G. Trans. Faraday Soc., 1936, 32, 153. 

12. MARVEL, C. 8S., et al. J. Amer. chem. Ass., 1936, 
58, 2277. (Sixth of a series dealing with halo- 
genated tertiary amines.) 

13. Batt, E. G., BuCHANAN, J. M., Dorrine, W. E., 
Marston, E. L., McKee, R. W., and ORMSBEE, 
R, A., 1942-43. 

14. Bartuett, F. D., Swarn, C. G., Ross, 8. D., and 
Davis, J. W., 1942-45. 

15. BERGMANN, M., Fruton, J. 8., GoLumsic, C., 
Irvine, G. W., Moorz, S., STAHMANN, M. A., and 
Stein, W. H., 1942-45. 

16. COHEN, B., HArris, J.. VAN ARTSDALEN, E. R., 
and PERKINS, M. E., 1943-45. 

17. NortHrop, J. H., Hergiort, R. M., 
M. L., 1943-44. 


and ANSON, 


*18. Ogston, A. G., Houipay, E. R., Powe, E. W., 
PHILPOT, J. Sr. pe and STOCKEN, L., 1941-44, 
*19. RyYDon, H. oe HARTLEY, G. 8., et al., 1942-43, 


20. DUVIGNEAUD, V., CARPENTER, F. H., McDvrffig, 


1The majority of the references cited above are to classi- 
fied documents which are not generally available. Reference 
is therefore made to authors and the time at which their 
work was conducted. Those references preceded by an 
asterisk refer to unpublished British work. 


> 


SCIENCE 


. WINKLER, C. A., THOMPSON, 
. WorMAL, A., 
. LUSHBAUGH, C. C., 1942-45. 
. KETHLEY, T. 


; CAMERON, G. R., RYDoN, H. N., et al., 1942-49 










Vol. 103, No, 2 


H. F., Jk., McKEnnis, H., Jz., M 
RACHELE, R., STEVENS, C. M, 
1942-44. 


ELVILLE, D 
» and Woon, J 


A. L., and Harpy 
1941-44, 


T. J., 1942-43. 
et al., 


W., MArRQuanpn, C. B., 


M 
E., McNamara, B. P., and ‘NEVILLE, pPLaoy 


G. H., 1 








26. SMITH, H. W., ‘et al., 1942-45, 

27. KARNOFSKY, D., GRAEF, I., and Appis, B, , 1942 

28. GILMAN, A., GooDMAN, a Pups, F. s. 
ALLEN, R. ao 1942-43, ‘ 

29. SALTER, W. on ‘and Bass, A., 1942-43, 

*30. CouRTICE, F, C., et al., 1943—-44, 

31. DOUGHERTY, T., "et al., "1943, 

32. JAGER, V., WINTROBE, 'M. M., GINZLER, A. M,, 
Gorpon, S. M.,, 1943. 

33. ALEXANDER, Ss. F., 1943-44, 

34. JoRDON, H, E., and KINDRED, H, E., 1945. 

35. Houck, C. R., ” CRAWFORD, B., and Suiru, H. VY 
1944, 

*36. Gregory, R. A., and Smytu, D. H., 1944. 

37. Puuips, F. S., ” KoELLE, E. 8, McNamaaa, B. B 
ALLEN, R. P., and GILMAN, "A. 1944, 

*38. CORDIER, ’D. G., "1941-45. 

39. BERENBLUM, “al KENDALL, L, P., and Orr, J, 

J. Biochem., 1936, 30, 709. 

*40. THOMPSON, R. H. S., 1940, 

*41. Drxon, M., NEEDHAM, D. M., vAN HEYNINGsy, } 
et al., 1940-44, 

*42. PETERS, R. A., WAKELIN, R. W., et al., 1940-44, 

43. BARRON, E. 8. G., BARTLETT, G., MAYER, J., Minin 
Z. B., and Presta, U. A., 1942-45. 

44, CoGan, D. G., Kinsey, V. E., GRANT, W, M., Penty 
H., and RosBInson, P., 1943-45. 

45. FRIEDENWALD, J.. HERMANN, H., Hickmay, F 
and ScHouz, R. O., 1943-45. 

46. Ruoaps, C. P., WARREN, C., and MacLzop, J. 
1942-43, 

47. Pretrers, R. A. Nature, Lond., 1936, 138, 327. 

*48, PETERS, R. “2 BERENBLUM, z Howmpay, E. RB. 
Oaston, A. G., PHILPoT, J. Sr. L., and W ALKER 
E., 1941, 

49. Cori, C. F., Cotowick, S. P., Brrcer, L., and 
SLEIN, M. W., 1942-45. 

50. NorTHRop, J. i, Kunitz, M., Herriort, R. M, 
and McDona.p, M. R., 1943. 

51. Kinsey, V. E., and Grant, W. M., 1943. Te 

52. CANNAN, R. K., Levy, M., BENAGLIA, A., and Har 
veEY, E, B., 1943-44. 

53. BODENSTEIN, D., and GILLETTE, R., 1945. 

54. FRIEDENWALD, J. S8., and ScHouz, R. O., 1943. 

55. MARcHAK, A., reported by SmiTuH, H. W., 1943. 

56. FRIEDENWALD, J, 8., 1945. 

*57. Kouuer, P. C., ANSARI, M. Y., and Rosson, J. M, 
1943. Le 

*58. AUERBACH, C., ANSARI, M. Y., and Rosson, J. M, 
1942-43. 

*59. BAWDEN, F. C., and Pirin, N. W., 1944. : 

60. CANNAN, R. K., Levy, M., Benaauias, A., and VIs- 
LOCKY, K., 1943-44. 

61. OsTERHOUT, W. J. V., 1942-44, 

*62. Feui, H. B., and Auusopp, C. B., 1942. 

*63. HANcox, N. 'M., 1942. omens 

64. DouGHERTY, T., Gruman, A., GoopMaAN, L., and cee 
DoucHeErTy, a 1942-43. 

65. GILMAN, A., GOODMAN, L., Linpskoa, G. E., and 
DOUGHERTY, J., 1942-43. 

66. JacoBson, L. O., Barron, E. 8. G., Dick, G. F, 
SPURR, C. L., Surrn, T., and LUSHBAUGH, C. 
1943-45. 

67. GoopMAN, L., DAMESHEK, W., WINTROBE, M. M, 
and GoopMAN, M., 1943-45. 

68. KARNOFSKI, D., CRAVER, L. F., and Asezs, J. ©, 


1945-46. 








